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Department of Animal Science
The faculty of the Animal Science Department are always ready to answer your questions. Our Brookings phone number
is (605) 688-5165. Staff members in Rapid City (RC denoted in faculty table) may be reached at (605) 394-2236. Contact
any one of us or check out our departmental website: https://www.sdstate.edu/animal-science.
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South Dakota Agricultural Experiment Station Locations
As a land-grant institution, South Dakota State University, home to the South Dakota Agricultural Experiment
Station, has an enduring mission of practical, responsive research to help improve the farms and ranches,
businesses and lives of South Dakotans. Research often starts on the SDSU campus, but for the science to
ultimately reach out to real-life needs, researchers also work on SDSU research stations strategically located
across the state.

Visit Research Station Locations to learn more about the South Dakota Agricultural Experiment Station locations.
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SDSU Extension Beef Team
Contact any one of us or go to the College of Agriculture, Food, and Environmental Sciences website for more information
on staff and departments: https://www.sdstate.edu/agriculture-food-environmental-sciences.
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SDSU Extension Regional Center Locations
As the outreach arm of our state’s land grant, South Dakota State University, SDSU Extension is able to
provide farmers, ranchers, agri-business people, communities, families and youth with the research-based
information they need to succeed.

Visit the SDSU Extension website to find our other locations throughout South Dakota.
South Dakota State University Beef Day 2022
© 2022 South Dakota Board of Regents
3

Statistics in the South Dakota State University Beef
Day Proceedings
The purpose of beef cattle and beef product research at SDSU is to provide reference information that represents
the various populations (cows, calves, heifers, feeders, carcasses, retail products, etc.) of beef production. Since the
researcher cannot apply treatments to every member of a population, he/she must sample the population. The use
of statistics allows the researcher and readers the opportunity to evaluate separation of random occurrences and
real biological effects of a treatment. Following is a brief description of the major statistics used in this proceedings.
• Mean: Data for individual experimental units (cows, pens of cattle, steers, steaks) exposed to the same
treatment are generally averaged and reported in the text, tables and figures. The statistical term
representing the average of a group of data points is mean.
• Variability: The inconsistency among the individual experimental units used to calculate a mean for the item
measured is the variance. For example, if the ADG for all the steers used to calculate the mean for a
treatment is 3.5 lb then the variance is zero. However, if ADG for individual steers used to calculate the
mean for a treatment range from 1.0 lb to 5.0 lb, then the variance is large. The variance may be reported as
standard deviation (square root of the variance) or as standard error of the mean. The standard error is the
standard deviation of the mean as if we had done repeated samplings of data to calculate multiple means for
a given treatment. In most cases, treatment means and their measure of variability will be expressed as
follows: 3.50 ± 0.150. This would be a mean of 3.5 followed by the standard error of the mean of 0.150. A
helpful step combining both the mean and the variability from an experiment to conclude whether the
treatment results in a real biological effect is to calculate a 95% confidence interval. This interval would be
twice the standard error added to and subtracted from the mean. In the example above, this interval is 3.20
to 3.80 lb. If in an experiment, these intervals calculated for treatments of interest overlap, the experiment
does not provide satisfactory evidence to conclude that treatments effects are different.
• P - Value: Probability (P - Value) refers to the likelihood the observed differences among treatment means
are due to chance. For example, if the author reports P ≤ 0.05 as the significance level for a test of the
differences between treatments as they affect ADG, the reader may conclude there is less than a 5%
chance the differences observed between the means are a random occurrence (or 95% sure that the
difference was not due to random chance). Due to this small probability of chance, there must be difference
between the treatments in their effect on ADG. Authors may discuss tendencies in data when P values are
between 0.06 and 0.15, because they are not confident the differences among treatment means are real
treatment effects. With P values of 0.06 and 0.15 the chance random sampling caused the observed
differences is 1 in 16.7 and 1 in 6.7, respectively.
• Linear & Quadratic Contrasts: Some articles contain linear (L) and quadratic (Q) responses to treatments.
These parameters are used when the research involves increasing amounts of a factor as treatments.
Examples are increasing amounts of a ration ingredient (corn, by- product, or feed additive) or increasing
amounts of a nutrient (protein, calcium, or vitamin E). The L and Q contrasts provide information regarding
the shape of the response. Linear indicates a straight-line response and quadratic indicates a curved
response. P-values for these contrasts have the same interpretation as described above.
• Correlation (r): Correlation indicates amount of linear relationship of two measurements. The correlation
coefficient can range from - 1 to 1. Values near zero indicate a weak relationship, values near 1 indicate a
strong positive relationship, and a value of - 1 indicates a strong negative relationship.
Brand names appearing in this publication are for product identification purposes only. No endorsement is intended,
nor is criticism implied of similar products not mentioned.
SDSU Extension is an equal opportunity provider and employer in accordance with the nondiscrimination policies of
South Dakota State University, the South Dakota Board of Regents and the United States Department of
Agriculture.
Learn more at extension.sdstate.edu.
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Beef Day 2022
Impact of corn silage moisture and/or kernel
processing at harvest on finishing steer growth
performance, efficiency of dietary net energy
utilization and carcass traits
T. G. Hamilton, W. C. Rusche, J. A. Walker, and Z. K. Smith
Objective
The objective of this experiment is to investigate the impact of corn silage moisture content and kernel
processing at harvest on growth performance, efficiency of dietary net energy utilization, and carcass traits in
finishing steers when fed at 20% DM inclusion in finishing diets containing modified distillers grains plus
solubles.
Study Description
Red Angus steers (n = 192; initial shrunk BW = 983 ± 62.3 lbs) were used in the 112 d finishing experiment at
the Southeast Research Farm (SERF) of the South Dakota Agricultural Experiment Station in Beresford.
Steers were from a single source and obtained from a local SD auction facility. Steers were received 2 weeks
prior to trial initiation. Steers were offered a common diet containing 60% concentrate upon arrival. Steers were
transitioned to a 90% concentrate diet over the course of 14 d. Steers were consuming the finishing diet (Table
1) at the initiation of the experiment. Fresh feed was manufactured once daily for each treatment in a single
batch using a stationary mixer and bunks were managed for ad libitum access to feed. Actual diet formulation
and composition is based upon weekly DM analyses, tabular nutrient values, and corresponding feed batching
records. Diets presented in Table 1 are actual DM diet composition, tabular nutrient concentrations, and
tabular energy values (Preston, 2016).
Take Home Points
• Harvest time and kernel processing of corn silage have minimal effects on animal growth performance
and only moderately affect carcass traits in finishing steers.
• Kernel processing does not enhance the apparent feeding value of corn silage when corn silage is fed
as the sole roughage component of a feedlot finishing diet (i.e. 20% inclusion DM basis).
Introduction
Corn silage is a cornerstone feed ingredient in the Northern Plains. Based upon recent USDA data (2019) corn
silage was grown on 340,000 acres in SD with an average yield (as-is basis) of 17.5 tons per acre resulting in
5.95 million tons of corn silage produced. Corn silage is typically harvested in early fall once whole plant DM is
near 35 to 40% which coincides with one half to two thirds milk line. Timing of harvest dictates total DM
tonnage produced. It is recommended that corn silage be harvested when whole plant moisture is around 65%.
Unfortunately, whole plant moisture content for an entire field is difficult to determine and as such milk line
checks across a field are used to gauge field plant moisture content. In addition to this, meteorological
challenges and other workload demands at harvest can very easily result in corn silage being harvested at a
greater DM content than deemed ideal (i.e. after black layer). Harvesting corn silage at a greater DM content
South Dakota State University Beef Day 2022
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can cause issues related to inability to properly pack the harvested feed that in turn can result in aerobic
stability issues that result in inventory losses due to spoiled feed. Kernel processing (KP) of corn silage has
gained wide acceptance in the last 20 y, especially on dairy operations. Kernel processing effects on diet
digestibility and growth performance have yielded inconsistent results in beef cattle. This is in part a function of
differing DM content of corn silage at harvest and inclusion levels of corn silage in the diet. Kernel processing
has proven beneficial in growing cattle diets (Ovinge, 2019) at a high inclusion level (greater than 50% DM
inclusion), however, no improvements in growth performance or gain efficiency were noted in finishing cattle
diets due to kernel processing (Ovinge, 2019). To our knowledge, no research had investigated the interaction
of whole corn crop plant moisture and KP in finishing diets.
Experimental Procedures
Growth Performance
Steers were individually weighed on d -3, 1, 28, 56, 84, and 112. Cumulative growth performance was based
upon initial BW (average BW from d -3 and 1 with a 4% shrink applied to account for digestive tract fill) and
carcass-adjusted final BW (FBW; HCW/0.625). Average daily gain (ADG) was calculated as the difference
between FBW and initial shrunk BW, divided by days on feed and feed efficiency was calculated from
ADG/DMI. Observed dietary NE was calculated from daily energy gain (EG; Mcal/d): EG = ADG 1.097 ×
0.0557W0.75, where W is the mean equivalent BW [average initial shrunk BW and FBW × (478/AFBW), kg;
(NRC, 1996)]. Maintenance energy required (EM; Mcal/d) was calculated by the following equation: EM =
0.077BW0.75 (Lofgreen and Garrett, 1968) where BW is the mean shrunk BW (average of initial shrunk BW and
FBW). Using the estimates required for maintenance and gain the observed dietary NEm and NEg values
−𝑏±√𝑏2 −4𝑎𝑐

(Owens and Hicks, 2019), of the diet were generated using the quadratic formula: 𝑥 =
, where x =
2𝑐
NEm, Mcal/kg, a = -0.41EM, b = 0.877EM + 0.41DMI + EG, c = -0.877DMI, and NEg was determined from:
0.877NEm – 0.41 (Zinn and Shen, 1998; Zinn et al., 2008). The ratio of observed-to-expected NE ratio was
determined from observed dietary NE for maintenance or gain/tabular NE for maintenance or gain.
Carcass Traits
Steers were harvested after 112 d on feed. Steers were shipped the afternoon following final BW determination
and harvested the next day at Tyson Fresh Meats in Dakota City, NE. Steers were comingled at the time of
shipping and remained this way until 0700 h the morning after shipping. Hot carcass weight (HCW) was
captured immediately following the harvest procedure. Video image data were obtained from the packing plant
for rib eye area, rib fat, and USDA marbling scores. A common kidney, pelvic, heart (KPH) fat percentage of
2.5% was applied to all calculations requiring a KPH%. Yield grade was calculated according to the USDA
regression equation (USDA, 1997). Dressing percentage was calculated as HCW/(final BW × 0.96). Estimated
empty body fat (EBF) percentage and final BW at 28% EBF (AFBW) were calculated from observed carcass
traits (Guiroy et al., 2002), and proportion of closely trimmed boneless retail cuts from carcass round, loin, rib,
and chuck (Retail Yield, RY; Murphey et al., 1960). Carcass data were available for all but four steers: ML/KP(2), BL/KP- (1), BL/KP+ (1).
Statistical Analysis
Growth performance, carcass traits, and efficiency of dietary NE utilization were analyzed as a randomized
complete block design using the GLIMMIX procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC) with pen as the
experimental unit. The model included the fixed effects harvest time, kernel processing, and their interaction;
block (location) was included as a random variable. Least squares means were generated using the
LSMEANS statement of SAS and treatment effects were analyzed using the pairwise comparisons PDIFF and
LINES option of SAS 9.4. Distribution of USDA Yield and Quality grade data as well as carcass weight
distributions were analyzed as binomial proportions in the GLIMMIX procedure of SAS 9.4 with fixed and
random effects in the model as described previously. If a significant harvest time by processing interaction was
detected (P < 0.05), simple treatment means were separated. An α of 0.05 or less determined significance and
tendencies are discussed between 0.05 and 0.10.
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Results and Discussion
Growth Performance
No Harvest time × KP interaction was detected (P ≥ 0.16) for any growth performance parameters (Table 1).
Initial BW was not influenced by harvest time (P = 0.53) or KP (P = 0.95). Final BW was not affected by harvest
time (P = 0.66) or KP (P = 0.14). Cumulative ADG was not influenced by harvest time (P = 0.60) but ADG was
numerically decreased by 3.6% (P = 0.12) for KP+ steers. Daily DMI was not influenced by harvest time (P =
0.23) or by KP (P = 0.22). Additionally, growth efficiency was not impacted by harvest time (P = 0.23) or KP (P
= 0.22). No Harvest time × KP interaction was detected (P ≥ 0.26) for any parameters related to the efficiency
of dietary NE utilization. The main effect of Harvest time and KP did not appreciable influence observed dietary
NE (P ≥ 0.21) or the ratio of observed-to-expected dietary NE (P ≥ 0.29).
Carcass Traits
There was no interaction between harvest time and KP (P ≥ 0.18) for hot carcass weight, dressing percentage,
12th rib fat thickness, ribeye area, marbling, calculated YG, retail yield, estimated EBF, or final BW at 28%
EBF (Table 3). Harvest time did not influence (P ≥ 0.17) hot carcass weight, dressing percentage, 12th rib fat
thickness, ribeye area, marbling, calculated YG, retail yield, or estimated EBF. No interaction between harvest
time and KP was noted (P ≥ 0.32) for the distribution of USDA yield grades. Harvest time (P ≥ 0.18) nor KP (P
≥ 0.18) affected the distribution of USDA yield grades. Steers from ML/KP- had the fewer (P = 0.05) USDA
Prime carcasses compared to ML/KP+, BL/KP-, and BL/KP+.
Implications
Harvest time and kernel processing of corn silage have minimal effects on animal growth performance and
only moderately affect carcass traits in finishing steers. Delayed harvest enhanced the comparative NE value
of corn silage by 6% above current feed standards and kernel processing decreased comparative NE value of
corn silage by 9% compared to current feeding standards. These data indicate that corn silage harvest can be
delayed without detriment to growth performance and kernel processing does not enhance the apparent
feeding value of corn silage when corn silage is fed as the sole roughage component of a feedlot finishing diet
(i.e. 20% inclusion DM basis).
Acknowledgements
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Tables
Table 1. Diet formulation and composition.1
d 57 - 84
d 85 - 112
Item
ML/KPML/KP+
BL/KPBL/KP+
ML/KPML/KP+
BL/KPBL/KP+
Dry-rolled corn, %
55.51
55.31
56.44
55.81
54.59
54.59
54.48
55.14
Liquid supplement, %
3.90
3.89
3.97
3.92
3.97
3.97
3.97
4.01
RH, %
0.00
0.00
0.00
0.00
1.81
1.81
1.80
1.83
Modified DGS, %
20.54
20.48
20.90
20.67
19.89
19.89
19.86
20.07
Corn Silage, %
20.05
20.32
18.70
19.60
19.74
19.74
19.89
18.95
Dry Matter, %
65.64
66.70
68.38
67.96
64.45
65.39
67.64
66.52
Crude Protein, %
12.10
12.08
12.22
12.14
12.40
12.39
12.47
12.46
NEm, Mcal/cwt
93.26
93.20
93.57
93.37
93.33
93.30
93.51
93.50
NEg, Mcal/cwt
63.29
63.24
63.55
63.38
63.37
63.34
63.52
63.51
1
All values except Dm on a DM basis.
ML = silage harvested at ½ to 2/3 milk line, BL = silage harvested at black line, KP- = No kernel processing, and KP+ =
kernel processing.
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Table 2. Cumulative growth performance responses.
Treatment

P – value

Harvest
Kernel
Item
ML/KP- ML/KP+ BL/KP- BL/KP+
SEM
time
processing Interaction
Pens, n
6
6
6
6
Steers, n
48
48
48
48
Initial body weight (BW)2, lbs
982
983
984
983
1.7
0.53
0.95
0.35
Final BW3, lbs
1586
1560
1574
1561
18.4
0.66
0.14
0.63
Average daily gain (ADG), lbs
5.40
5.15
5.27
5.16
0.159
0.60
0.12
0.55
Dry matter intake (DMI), lbs
31.63
31.58
31.58
30.83
0.447
0.23
0.22
0.28
ADG/DMI (G:F)
0.171
0.163
0.167
0.168
F:G4
5.85
6.13
5.99
5.95
Observed dietary net energy (NE), Mcal/cwt
Maintenance
95.7
93.0
95.3
95.3
1.61
0.43
0.21
0.26
Gain
65.3
62.6
64.9
64.9
1.41
0.43
0.21
0.26
Observed-to-expected NE5
Maintenance
1.02
0.99
1.02
1.02
0.017
0.55
0.29
0.35
Gain
1.03
0.99
1.02
1.02
0.022
0.57
0.30
0.37
1
ML = silage harvested at ½ to 2/3 milk line, BL = silage harvested at black line, KP- = No kernel processing, and KP+ = kernel
processing.
2
Average of d -3 and d 1 BW; a 4% pencil shrink was applied to account for gastrointestinal tract fill.
3
Final BW = HCW/0.625.
4
F:G = 1/G:F
5
Dietary NEm and NEg (Mcal/kg) was 2.06 and 1.40 for ML/KP-, BL/KP-, and BL/KP+; dietary NEm and NEg (Mcal/kg) was 2.05 and
1.39 for ML/KP+.
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Table 3. Carcass trait responses.1
Harvest
time
0.66
0.84
0.22
0.99
0.17
0.55
0.57
0.21
0.07

P - value
Kernel
processing Interaction
0.14
0.63
0.78
0.40
0.25
0.43
0.30
0.18
0.84
0.98
0.08
0.28
0.07
0.28
0.18
0.48
0.99
0.20

Item
ML/KP- ML/KP+ BL/KP- BL/KP+ SEM
Pens, n
6
6
6
6
Steers, n
48
48
48
48
Hot carcass weight, lbs
992
975
984
975
11.5
Dressing, %
62.27
62.06
62.03
62.44
0.497
Rib fat, in
0.62
0.61
0.66
0.62
0.031
Ribeye area, in2
14.82
14.77
14.61
14.99
0.220
Marbling2
543
540
566
563
23.0
Calculated yield grade (YG)
3.56
3.50
3.71
3.45
0.125
Retail Yield, %
48.90
49.05
48.60
49.14
0.257
Estimated empty body fatness (EBF), %
32.62
32.38
33.38
32.59
0.530
Final BW at 28% EBF, lbs
1381
1365
1343
1358
16.7
USDA YG distribution
YG 1, %
0.0
0.0
0.0
0.0
YG 2, %
25.0
22.9
16.7
27.1
6.15
0.74
0.51
0.32
YG 3, %
58.3
68.8
58.3
56.3
7.37
0.41
0.58
0.41
YG 4, %
16.7
8.3
22.9
16.7
5.21
0.18
0.18
0.84
YG 5, %
0.0
0.0
2.1
0.0
1.04
0.33
0.33
0.33
USDA Quality Grade distribution
Select, %
2.1
0.0
0.0
4.5
1.76
0.51
0.51
0.08
Low Choice, %
26.2
41.1
29.8
23.5
6.47
0.29
0.51
0.12
Average Choice, %
48.2
35.7
28.0
33.9
6.27
0.09
0.61
0.16
High Choice, %
23.5
10.4
29.5
27.7
5.77
0.06
0.21
0.34
Prime, %
0.0b
12.8a
12.7 a
10.4 a
3.40
0.14
0.14
0.04
1
ML = silage harvested at ½ to 2/3 milk line, BL = silage harvested at black line, KP- = No kernel processing, and KP+ = kernel
processing.
2
400 = small 00 = USDA Low Choice.
a, b
Means within a row lacking a common superscript differ (P ≤ 0.05).
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Beef Day 2022
Evaluation of dietary roughage inclusion in a single
or two-diet system for backgrounding and finishing
T. G Hamilton, W. C. Rusche and Z. K. Smith
Objective
The objective of this experiment was to determine the influence that equal cumulative roughage inclusion in a
single diet or two-diet system during a 210-d growing-finishing period has on growth performance responses,
efficiency of dietary net energy (NE) utilization, and carcass traits in beef steers.
Study Description
Pre-conditioned crossbred beef steers (n = 46; initial shrunk [4%] BW = 621 ± 89.1 lbs) were used in a 210-d
grow-finish experiment at the Ruminant Nutrition Center (RNC) in Brookings, SD. Steers were fed once daily,
and bunks were managed according to a slick bunk management system. Cattle were fed in 25 × 25 ft
concrete surface pens (n = 10 pens; 5 pens/treatment) with 25 linear ft of bunk space and heated, concrete,
continuous flow waterers. Treatments included: 1) A single-diet program (targeted a 59 Mcal/cwt NEg diet fed
for 210-d; 1D) or 2) two-diet program (targeted a 55 Mcal/cwt NEg diet fed for 98-d, a 59 Mcal/cwt NEg diet fed
for 14-d, and a 63 Mcal/cwt NEg diet fed for 98-d; 2D). All steers were implanted initially (d 1) with a 100 mg
trenbolone acetate (TBA) and 14 mg estradiol benzoate (EB) implant (Synovex Choice) and re-implanted with
a 200 mg TBA and 28 mg EB implant on d 112.
Take Home Points
• Northern Plains feedlot producers can feed a single growing-finishing diet to preconditioned beef steers
with minimal effects on overall growth performance or carcass traits.
• Feed out management of ensiled feeds, could be improved and wastage reduced, especially in summer
months, by feeding a single growing-finishing diet to beef steers.
Introduction
Cattle feeders in the Northern Plains routinely feed pre-conditioned feeder cattle two distinct diets during
production: one diet during the backgrounding phase (forage-based) and one diet type during the finishing
phase (concentrate-based) of production. Backgrounding cattle is often done as an effort to market a low-cash
value feed resource through the cattle to prepare them for the finishing phase of production. Overall goals of
backgrounding programs include: 1) managing disease and health, 2) achieving economical gains, 3)
enhancing finishing phase feed conversion, 4) achieving maximal total carcass weight gain, and 5) managing
feeder cattle supply into the feedlot phase or production.
Experimental Procedures
Growth Performance and Carcass Trait Determination
All steers were weighed individually approximately every 28-d. Ingredients were analyzed weekly for dry matter
(DM) content and composited monthly for nutrient analysis. All interim period growth performance data was
calculated from body weight (BW) reduced 4% to account for digestive tract fill (Table 1). Cumulative growth
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performance was calculated using initial BW (average BW from d -1 and 1 shrunk 4%) and final BW (shrunk
4%). Average daily gain (ADG) was calculated as the difference between FBW and initial shrunk BW, divided
by days on feed; feed efficiency was calculated from ADG/DMI. Steers were harvested after 210-d on feed;
steers were shipped the afternoon following final BW determination and harvested the next day. Hot carcass
weight (HCW) was captured immediately following harvest. Video image data were obtained from the packing
plant for rib eye area, rib fat, and USDA marbling scores.
Results and Discussion
Growth Performance
Average daily gain tended (P = 0.06) to be 9.5% greater for 1D compared to 2D during the backgrounding
phase and ADG was increased (P = 0.01) for 2D compared to 1D by 11.3% during the finishing phase of the
experiment. Cumulative ADG did not differ between treatments (3.55 vs. 3.57 ± 0.10 lbs) for 1D and 2D,
respectively. Observed dietary NE was calculated from daily energy gain (EG; Mcal/d): EG = ADG 1.097 ×
0.0557W0.75, where W is the mean equivalent BW [average initial shrunk BW and FBW × (478/AFBW), kg;
(NRC, 1996)]. Maintenance energy required (EM; Mcal/d) was calculated by the following equation: EM =
0.077BW0.75 (Lofgreen and Garrett, 1968) where BW is the mean shrunk BW (average of initial shrunk BW and
FBW). Using the estimates required for maintenance and gain Cumulative observed dietary NEm and NEg did
not differ (P ≥ 0.96) between treatments.
Carcass Traits
There were no differences (P ≥ 0.18) detected between treatments for HCW, dressing percentage (DP), rib eye
area (REA), rib fat (RF), USDA marbling score, KPH, yield grade, retail yield, empty body fat (EBF), or body
weight at 28% estimated EBF. No differences (P ≥ 0.14) were noted between dietary treatments for liver
abscess prevalence or severity.
Statistical Analysis
Growth performance, carcass traits, and efficiency of dietary NE utilization were analyzed as a randomized
complete block design using the GLIMMIX procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC) with pen as the
experimental unit. The model included the fixed effect of dietary treatment; block (weight grouping) was
included as a random variable. Least squares means were generated using the LSMEANS statement of SAS
and treatment effects were analyzed using the pairwise comparisons PDIFF and LINES option of SAS 9.4.
Distribution of USDA Yield and Quality grade data as well as liver abscess prevalence and severity were
analyzed as binomial proportions in the GLIMMIX procedure of SAS 9.4 with fixed and random effects in the
model as described previously. An α of 0.05 or less determined significance and tendencies are discussed
between 0.05 and 0.10.
Implications
Northern Plains feedlot producers can feed a single growing-finishing diet to preconditioned beef steers with
minimal effects on overall growth performance or carcass traits. Observed responses for growth performance
were as anticipated for varying levels of roughage fed during growing vs. finishing production phases.
Additionally, feed out management of ensiled feeds could be improved, and wastage reduced, especially in
summer months, by feeding a single growing-finishing diet to beef steers with no influence on growth
performance or carcass traits.
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Tables
Table 1. Growing, Finishing, and cumulative growth performance responses. a
Item
1D
2D
SEM
Steers, n
23
23
Pens, n
5
5
Live weight, lbs
Initial
615
615
3.1
112-d
1016
981
13.7
210-d
1363
1367
21.2
Average daily gain (ADG), lbs
1-112 d
3.58
3.27
0.117
113-210 d
3.54
3.94
0.093
1-210 d
3.56
3.58
0.101
Dry matter intake (DMI), lbs
1-112 d
20.62
20.58
0.334
113-210 d
23.79
23.77
0.606
1-210 d
22.10
22.07
0.342
ADG/DMI
1-112 d
0.174
0.159
0.0054
113-210 d
0.149
0.166
0.0020
1-210 d
0.161
0.162
0.0027
DMI/ADG
1-112 d
5.75
6.29
113-210 d
6.71
6.02
1-210 d
6.21
6.17
Dietary NEm, Mcal/cwt
1-112 d
82.16
76.88
1.246
113-210 d
91.73
96.37
2.389
1-210 d
87.18
87.23
1.156
Dietary NEg, Mcal/cwt
1-112 d
53.46
48.83
1.093
113-210 d
61.84
65.92
2.095
1-210 d
57.86
57.91
1.013
Observed-to-expected NEm
1-112 d
0.91
0.88
0.014
113-210 d
1.00
1.00
0.025
1-210 d
0.96
0.96
0.012
Observed-to-expected NEg
1-112 d
0.89
0.86
0.020
113-210 d
1.00
1.01
0.034
1-210 d
0.95
0.95
0.017
a
All BW were reduced 4% to account for digestive tract fill.

P – value
0.93
0.06
0.87
0.06
0.01
0.86
0.91
0.97
0.93
0.05
0.01
0.76
0.01
0.09
0.96
0.01
0.09
0.96
0.09
0.88
1.00
0.14
0.82
0.91
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Beef Day 2022
Dose effects of encapsulated butyric acid and zinc
on beef feedlot steer growth performance, carcass
characteristics, and dietary net energy utilization
Forest L. Francis1, Erin R. Gubbels1, Thomas G. Hamilton1, Warren C. Rusche1, Doug Lafleur2, Jerilyn E.
Hergenreder2, Zachary K. Smith1
1

Department of Animal Science, South Dakota State University, Brookings; 2Kemin Industries, Des Moines, IA

Objective
The objective of this study was to determine the effects that increasing doses of encapsulated butyric acid and
zinc (BPZ) have on finishing phase growth performance, efficiency of dietary net energy (NE) utilization, and
carcass characteristics in beef steers.
Study Description
Steers (n = 272; shrunk BW = 794 ± 163 pounds) were assigned to one of four dietary treatments in a 143.5 d
feedlot finishing trial: 0 g BPZ/ kg diet dry matter (DM) (CON), 1 g BPZ/ kg diet DM (1BPZ), 2 g BPZ/ kg diet
DM (2BPZ), or 3 g BPZ/ kg diet DM (3BPZ). Carcass data and liver health outcomes were collected, and
feedlot growth performance data and efficiency of dietary net energy utilization were calculated on a carcassadjusted basis.
Take Home Points
The addition of BPZ to finishing steer diets had minimal effects on feedlot growth performance, efficiency of
dietary net energy utilization, and carcass characteristics. Dressed yield tended to be higher for BPZ vs. CON
and increased with dose while liver abscess prevalence tended to decrease when fed intermediate doses of
BPZ. Data from this study suggests that the addition of BPZ to feedlot finishing diets for decreasing the
prevalence of abscessed livers should be further investigated.
Introduction
Postnatal development of the rumen and intestinal epithelium is stimulated by short chain fatty acids (SCFA).
Of the SCFAs attributed to epithelial development, butyric acid has the greatest effect on proliferation of rumen
and intestinal epithelial cell proliferation (Sander et al., 1959; Manzanilla et al., 2006). The addition of
encapsulated butyric acid to feedlot cattle diets has the potential to improve rumen and intestinal health and
subsequently improve nutrient absorption, growth performance, and increase efficiency of dietary net energy
utilization. Thus, our hypothesis was that with increasing inclusion of an encapsulated butyric acid and zinc
complex in feedlot finishing steer diets, cattle growth performance, carcass characteristics, and efficiency of
dietary net energy utilization would be improved.
Experimental Procedures
All procedures involving the use of animals in this experiment were approved by the South Dakota State
University Institutional Animal Care and Use Committee (Approval #2101-004E).
South Dakota State University Beef Day 2022
© 2022 South Dakota Board of Regents
17

Dietary Treatment
This study used 8 replicate pens per treatment and each pen contained 5 to 10 steers (n = 68
steers/treatment). Each pen was assigned to one of four dietary treatments in a randomized complete block
design (blocked by location). Dietary treatments included:
1. 0 g BPZ/kg diet dry matter (CON)
2. 1 g BPZ/kg diet dry matter (1BPZ)
3. 2 g BPZ/kg diet dry matter (2BPZ)
4. 3 g BPZ/kg diet dry matter (3BPZ)
No tylosin phosphate was fed over the course of this experiment. All diets contained monensin sodium
(Rumensin-90, Elanco Animal Health) at 32.08 mg/kg of diet on a dry matter (DM) basis; all diets were fortified
with vitamins and minerals to exceed nutrient requirements for finishing beef steers (NASEM, 2016).
The supplements for dietary treatment inclusion were manufactured in two runs on 18 February 2021 and 26
July 2021 at the SDSU feed mill located in Brookings, SD. The manufactured supplement was stored in bulk
ag bags and shipped to the SDSU Southeast Research Farm (SERF) located southwest of Beresford, SD.
Cattle Feeding and Management
Two hundred and seventy-two steers (initial shrunk body weight {BW} = 794 ± 163 pounds) from two sources:
1) Central South Dakota and 2) Northwest Iowa were purchased at the Sioux Falls Regional Livestock Cattle
Auction (Worthing, SD) and transported 24 miles to the SERF on 01 March 2021; the two sources of cattle
remained segregated for the entirety of the study. Upon arrival, steers were offered long-stem grass hay and
ad libitum access to water. The following morning, steers were delivered a 50% roughage diet (DM basis)
consisting of dry rolled corn (DRC), modified distillers grains with solubles (MDGS), corn silage, grass hay, and
a liquid supplement fed at 2% of BW (DM basis).
On 05 March 2021 steers were processed and applied a unique visual identification ear tag, vaccinated against
viral respiratory diseases (Bovi-Shield GOLD 5, Zoetis) and clostridial species (Ultrabac 7/Somubac, Zoetis),
administered an appropriate dose of pour-on moxidectin (Cydectin, Bayer), and an individual BW was recorded
for allotment purposes. The morning of 08 March 2021, steers were weighed again, and allocated into
treatment pens; test diets were initiated following morning processing. The initial on-test BW was the average
of the two BW measures collected on 05 March and 08 March 2021. All live BW measures were shrunk 4% to
account for digestive tract fill.
Steers were fed in two types of confined feeding systems: 1) Steers (n = 232) from 6 replicates were fed in 115
ft x 46 ft open lot dirt pens (9 to 10 steers/pen) with concrete bunks (20 ft linear bunk space) and skirt (10 ft); 2)
Steers (n = 40) from 2 replicates were fed in 40 ft x 15 ft partially covered concrete pens (5 steers/pen) with
concrete bunks (15 ft linear bunk space). Dietary ingredients were analyzed weekly for DM content and
composited monthly for nutrient determination. Actual diet formulation based upon weekly DM determination
and feed batching record along with tabular energy content (Preston, 2016) is presented in Tables 1, 2, 3, and
4. Steers were fed once daily at 0800h and bunks were managed according to a slick bunk management
system allowing ad libitum access to feed, with minimal day to day variation in feed deliveries. Feed was
manufactured in a commercial mixer wagon (volume 215.5 ft3; Reel Auggie 3120, Kuhn) with a scale
resolution of 2 pounds.
On d 19 of the study around 3% of the cattle in the yard exhibited signs of respiratory illness and the
veterinarian was called for a herd check. After consultation, it was decided that metaphylaxis with
chlortetracycline was the best treatment option. Chlortetracycline (Pennchlor 50G, Pharmgate Animal Health)
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was fed from d 21 – 25 at a rate of 10 mg / lb of BW / d. During this period, liquid supplement was removed
from the diet to stay in compliance with medicated feed regulations.
On study d 28, steers were weighed, implanted with 200 mg trenbolone acetate and 28 mg estradiol benzoate
(Synovex Plus, Zoetis) and intranasally vaccinated against Infectious Bovine Rhinotracheitis and Parainfluenza
3 (Nasalgen IP, Merck). On study d 98, steers were weighed, and unique radio-frequency identification (RFID)
ear tags were administered to each animal. Steers from sources 1 and 2 were projected to finish at differing
days on feed (DOF); thus, ractopamine HCL was fed at a rate of 300 mg/steer-d-1 for the last 28 DOF (Source
1; study d 98-126) and last 35 DOF (Source 2; study d 126-161).
Growth Performance Calculations
Growth performance (live and carcass-adjusted) were calculated on a deads and removals excluded basis. All
steers were weighed individually at processing, as well as on d 1, 28, 56, 98, and 126; source 2 cattle were
also weighed on d 161. Steers were weighed in a hydraulic squeeze chute mounted on top of load cells (scale
readability ± 2 pounds). Pre-ractopamine period growth performance data was based upon initial BW shrunk
4% (SBW) and d 98 SBW (Source 1) and d 126 SBW (Source 2). Ractopamine period growth performance
was calculated two ways: 1. Based upon d 98 (Source 1) and d 126 (Source 2) SBW and d 126 (Source 1) and
d 161 (Source 2) SBW; 2. Based upon d 98 (Source 1) and d 126 (Source 2) SBW and carcass-adjusted final
BW (CAFBW) calculated from: hot carcass weight (HCW)/0.625. Cumulative growth performance is based
upon initial SBW (average of 05 March and 08 March 2021 BW) and carcass-adjusted final BW (CAFBW).
Average daily gain (ADG) was calculated as the difference between SBW or CAFBW and initial SBW divided
by DOF for the respective period; feed conversion efficiency (G:F) was calculated from ADG/Dry matter intake
(DMI).
Efficiency of Dietary NE Utilization Calculations
Applied energetics measures (observed dietary NE and the ratio of observed-to-expected dietary NE) were
assessed for the cumulative feeding period. Carcass-adjusted growth performance was used to calculate
performance-based dietary NE to determine efficiency of dietary NE utilization. The performance based dietary
NE was calculated from daily energy gain (EG; Mcal/d): EG = (ADG) 1.097 × 0.0557W0.75; where W is the mean
equivalent shrunk BW [kg; (NRC, 1996)] from median feeding SBW (MBW) and AFBW calculated as: [MBW ×
(478/AFBW), kg; (NRC, 1996)]. Maintenance energy (EM) was calculated by the equation: EM = 0.077 ×
MBW0.75. Dry matter intake is related to energy requirements and dietary NE for maintenance (NEm; Mcal/kg)
according to the following equation: DMI = EG/(0.877NEm – 0.41), and can be resolved for estimation of
−𝑏±√𝑏2 −4𝑎𝑐

dietary NEm by means of the quadratic formula 𝑥 =
, where a = 0.41EM, b = –0.877EM + 0.41DMI +
2𝑎
EG, and c = –0.877DMI (Zinn and Shen, 1998). Dietary NE for gain (NEg) was derived from NEm using the
following equation: NEg= 0.877NEm – 0.41 (Zinn, 1987). Maintenance coefficient (MQ) was determined using
the following equation: MQ, Mcal/W 0.75 = [(DMI-(EG/NEg)) × NEm]/MBW0.75.
Carcass Characteristics
Both sources of steers were fed until visually assessed to have 0.50 in rib-fat and were shipped for harvest at a
commercial beef abattoir. Steers from source 1 were weighed off study after 126 DOF and harvested the
following morning (13 July 2021); source 2 steers were harvested after 161 DOF and harvested the following
morning (17 August 2021). On the afternoon following final BW determination for the respective sources,
steers were transported 98 km to Tyson Fresh Meats in Dakota City, NE for harvest the subsequent morning.
Steers were comingled at the time of shipping and remained this way until harvest. For source 1 steers, trained
individuals entered the slaughter facility and individual visual identification tags were recorded, RFID tags were
recorded via Allflex RS420NFC Series Stick Reader (Allflex USA), and packer identification tags were recorded
to ensure individual carcasses could be traced to live steers. Additionally, livers were visually evaluated to
determine health according to the Elanco Liver Check System (Elanco). For source 2 steers, only one trained
individual was allowed to enter the slaughter facility due to SARS-CoV-2 protocols; thus, RFID tags and packer
identification tags were recorded to trace carcasses to live animal. Livers were visually evaluated to determine
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abscess prevalence (Abscess or Healthy; no severity was captured). Hot carcass weight was obtained via
plant printouts. Following chilling, all carcasses were ribbed for USDA-AMS grading; quality and yield grade
attributes were obtained with camera grading and kidney, pelvic, and heart fat (KPH) percentage was
determined via plant specific algorithm. Dressing percentage was calculated as: HCW/(final SBW). Yield grade
was calculated according to the USDA regression equation (USDA, 2017). Estimated empty body fat (EBF)
percentage and final BW and 28% EBF (AFBW) were calculated from observed carcass traits (Guiroy et al.,
2002).
Statistical Analysis
Cumulative and interim growth performance, carcass characteristics, and efficiency of dietary NE utilization
and frequency data were analyzed as a randomized complete block design using the GLIMMIX procedure of
SAS 9.4 (SAS Inst. Inc.) with pen as the experimental unit. A fixed effect of BPZ inclusion and random effect of
block was utilized in model analysis. Interim period performance data was analyzed on live basis while
cumulative feedlot performance data was analyzed on a carcass-adjusted basis. Pre-planned contrasts for
CON vs. BPZ, plus linear, and quadratic responses were tested. Least square means were generated with the
LSMEANS option of SAS and means were separated and denoted different (P ≤ 0.05) using the pairwise
comparison PDIFF option of SAS (SAS Inst. Inc.). Significance was determined at (P ≤ 0.05) and tendencies
were observed at (0.05 < P ≤ 0.10).
Results and Discussion
Cumulative Growth Performance
Results for cumulative carcass-adjusted growth performance and efficiency of dietary net energy are in Table
5. There were no differences (P ≥ 0.14) observed for CAFBW, DMI, ADG, G:F, observed diet NEm or NEg,
observed-to-expected NEm or NEg, or MQ.
Carcass Characteristics
Carcass characteristics are presented in Table 6. There was no difference (P ≥ 0.21) among treatments for
HCW, dressed yield, ribeye area, 12th rib fat thickness, calculated USDA Yield Grade, marbling score, or EBF
percentage. For CON vs. BPZ, there was no difference (P ≥ 0.14) for HCW, ribeye area, 12th rib backfat
thickness, marbling score, or EBF percentage; CON vs. BPZ tended to differ for dressed yield (P = 0.08; CON
= 64.23% and BPZ = 64.86%) and for calculated USDA Yield Grade (P = 0.10; CON = 2.94 and BPZ = 3.06).
No quadratic effects (P ≥ 0.34) were observed for any variables tested. No linear effect was observed (P ≥
0.15) for HCW, ribeye area, 12th rib backfat thickness, calculated USDA Yield Grade, marbling score, or EBF
percentage; however, a linear effect was observed (P = 0.05) for dressed yield.
Categorical Carcass Characteristics
Categorical carcass characteristics can be found in Table 7. There were no treatment differences (P ≥ 0.21) for
distribution of USDA Yield Grade 1, 2, 3, 4, or 5. A tendency for a linear effect (P = 0.07) was observed for
distribution of USDA Yield Grade 2; however, no other linear differences were observed (P ≥ 0.25) for
distribution of USDA Yield Grade 1, 3, 4, or 5. No treatment, CON vs. BPZ, linear, or quadratic differences (P ≥
0.68) were observed for distribution of USDA Standard, Select, Low Choice, Average Choice, or High Choice.
A tendency for a quadratic effect (P = 0.08) for liver abscess prevalence was observed, however, no treatment,
CON vs. BPZ, or linear effects (P ≥ 0.32) were observed in the study.
Implications
Supplementation of BPZ in finishing cattle diets does not appreciably influence growth performance but
increases dressed yield. Data from this study suggests that the addition of BPZ to feedlot finishing diets for
decreasing the prevalence of abscessed livers should be further investigated.
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Tables
Table 1. Diet formulation (d 1-14)

Items
DRC, %
MDGS, %
Soybean Hulls, %
Corn Silage, %
Grass Hay, %
Liquid Supplement, %
Treatment Supplement, %
DM, %
CP, %
NDF, %
ADF, %
Ash, %
EE, %
NEm, Mcal/cwt
NEg, Mcal/cwt

d 1-7
Dietary BPZ inclusion, g/kg DM
0
1
2
3
20.63
20.63
20.63 20.63
19.81
19.81
19.81 19.81
1.80
1.19
0.60
0
28.07
28.07
28.07 28.07
26.22
26.21
26.21 26.21
3.47
3.47
3.47
3.47
0
0.61
1.20
1.81
65.59
65.59
65.59 65.59
13.34
13.33
13.31 13.30
38.87
38.87
38.87 38.87
25.63
25.63
25.63 25.63
7.48
7.49
7.49
7.49
4.13
4.13
4.13
4.13
80.32
80.32
80.32 80.32
50.42
50.42
50.42 50.42

d 8-14
Dietary BPZ inclusion, g/kg DM
0
1
2
3
30.14 30.14
30.14
30.14
19.64 19.64
19.64
19.64
1.79
1.19
0.60
0
27.02 27.02
27.02
27.02
17.86 17.86
17.86
17.86
3.54
3.55
3.54
3.54
0
0.60
1.19
1.79
64.57 64.57
64.57
64.57
13.15 13.14
13.13
13.12
33.79 33.78
33.79
33.79
21.69 21.69
21.69
21.69
6.69
6.71
6.70
6.71
4.24
4.24
4.24
4.24
84.05 84.04
84.05
84.05
54.11 54.10
54.11
54.11
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Table 2. Diet formulation (d 15-25)
d 15-20
d 21-25
Dietary BPZ inclusion, g/kg DM Dietary BPZ inclusion, g/kg DM
Items
0
1
2
3
0
1
2
3
DRC, %
38.81
38.81
38.81 38.81
40.07 40.07
40.07
40.07
MDGS, %
19.75
19.75
19.75 19.75
21.04 21.04
21.04
21.04
Soybean Hulls, %
1.84
1.22
0.61
0
2.45
1.63
0.81
0
Corn Silage, %
27.08
27.08
27.08 27.08
35.64 35.63
35.63
35.63
Grass Hay, %
8.96
8.96
8.96
8.96
Liquid Supplement, %
3.55
3.55
3.55
3.55
Treatment Supplement, %
0
0.62
1.23
1.85
0
0.82
1.64
2.46
CTC Premix1, %
0.80
0.80
0.80
0.80
DM, %
64.45
64.45
64.45 64.45
61.25 61.25
61.25
61.26
CP, %
13.00
12.99
12.97 12.96
13.03 13.01
12.99
12.97
NDF, %
28.89
28.89
28.90 28.90
27.65 27.66
27.66
27.66
ADF, %
17.86
17.86
17.86 17.86
14.73 14.73
14.74
14.74
Ash, %
5.87
5.88
5.88
5.89
3.42
3.43
3.43
3.44
EE, %
4.35
4.35
4.35
4.35
4.54
4.54
4.54
4.54
NEm, Mcal/cwt
87.77
87.77
87.77 87.77
91.51 91.51
91.51
91.51
NEg, Mcal/cwt
57.83
57.83
57.83 57.83
61.29 61.29
61.29
61.29
1
Chlortetracycline (Penchlor 50G, Pharmgate Animal Health) was fed at a rate of 10 mg / lb BW /
hd / d for treatment of herd respiratory illness.
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Table 3. Diet formulation (d 26-49)

Items
DRC, %
MDGS, %
Soybean Hulls, %
Corn Silage, %
Grass Hay, %
Liquid Supplement, %
Treatment Supplement, %
DM, %
CP, %
NDF, %
ADF, %
Ash, %
EE, %
NEm, Mcal/cwt
NEg, Mcal/cwt

d 26-28
Dietary BPZ inclusion, g/kg DM
0
1
2
3
38.79
38.79
38.78 38.78
22.25
22.25
22.25 22.24
2.55
1.70
0.85
0
32.45
32.45
32.45 32.45
3.96
3.96
3.96
3.96
0
0.85
1.72
2.57
58.04
58.05
58.05 58.06
14.06
14.04
14.02 14.00
26.75
26.75
26.75 26.76
14.35
14.35
14.35 14.35
5.68
5.69
5.69
5.70
4.49
4.49
4.49
4.49
90.00
90.00
90.00 90.00
60.41
60.41
60.41 60.41

d 29-49
Dietary BPZ inclusion, g/kg DM
0
1
2
3
50.31 50.35
50.35
50.31
17.29 17.29
17.29
17.29
2.43
1.63
0.76
0
26.18 26.18
26.18
26.18
3.79
3.79
3.79
3.79
0
0.76
1.64
2.44
60.53 60.53
60.54
60.54
13.00 12.98
12.97
12.96
21.62 21.60
21.61
21.63
11.57 11.56
11.56
11.58
4.89
4.90
4.90
4.91
4.35
4.35
4.35
4.35
91.57 91.57
91.57
91.57
61.63 61.63
61.63
61.63
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Table 4. Diet formulation (d 50-161)

Items
DRC, %
MDGS, %
Soybean Hulls, %
Corn Silage, %
Grass Hay, %
Liquid Supplement, %
Treatment Supplement, %
DM, %
CP, %
NDF, %
ADF, %
Ash, %
EE, %
NEm, Mcal/cwt
NEg, Mcal/cwt

d 50-59
Dietary BPZ inclusion, g/kg DM
0
1
2
3
46.76
46.79
46.79 46.75
17.63
17.63
17.63 17.63
2.38
1.60
0.74
0
26.68
26.68
26.68 26.67
2.83
2.83
2.83
2.83
3.72
3.72
3.71
3.71
0
0.75
1.62
2.40
61.65
61.65
61.65 61.66
13.09
13.08
13.07 13.06
23.35
23.34
23.34 23.36
12.73
12.72
12.72 12.74
5.25
5.25
5.26
5.27
4.33
4.33
4.33
4.33
90.30
90.30
90.30 90.30
60.38
60.38
60.38 60.38

d 60-161
Dietary BPZ inclusion, g/kg DM
0
1
2
3
60.54 60.58
60.57
60.53
21.09 21.09
21.09
21.09
2.52
1.69
0.79
0
11.95 11.95
11.95
11.95
3.90
3.90
3.90
3.90
0
0.79
1.71
2.54
77.08 77.09
77.09
77.10
14.06 14.05
14.04
14.04
21.92 21.90
21.90
21.93
12.66 12.64
12.64
12.66
5.91
5.91
5.95
5.96
4.69
4.69
4.69
4.69
93.10 93.10
93.10
93.10
61.88 61.88
61.88
61.88
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Table 5. Dietary BPZ inclusion (g/kg diet DM) effects on growth performance and dietary net energy utilization.
Dietary BPZ inclusion
P-values
Item
0
1
2
3
SEM
Treatment Contrasts1
Pens, n
8
8
8
8
Steers, n
68
68
68
68
Days on feed
143.5 143.5 143.5 143.5
Initial BW, lbs
794
796
795
795
9.09
0.81
NS
Carcass adjusted performance
Final BW, lbs
1399
1412
1416
1414
34.7
0.50
NS
DMI, lbs
25.35 25.58
25.51 25.65
0.382
0.78
NS
ADG, lbs
4.22
4.30
4.34
4.32
0.068
0.57
NS
ADG/DMI, lbs (G:F)
0.167 0.168 0.171 0.169 0.0036
0.76
NS
DMI/ADG (F:G) 2
5.99
5.95
5.85
5.92
Observed diet NE, Mcal/cwt
Maintenance
91.26 91.86
92.74 91.83
1.084
0.71
NS
Gain
61.44 61.97
62.74 61.94
0.951
0.71
NS
Observed:Expected diet NE, Mcal/cwt
Maintenance
1.00
1.01
1.02
1.01
0.012
0.71
NS
Gain
1.01
1.02
1.04
1.02
0.016
0.71
NS
Maintenance Coefficient
0.075 0.073 0.071 0.073 0.0033
0.71
NS
1
Contrasts: 1 = CON vs. average of 3 inclusion levels of BPZ; 2 = Linear; 3 = Quadratic.
*P ≤ 0.05; §0.06 ≤ P ≤ 0.10; NS = not significant (P > 0.10).
2
1/G:F
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Table 6. Dietary BPZ inclusion (g/kg diet DM) effects on carcass traits
Dietary BPZ inclusion
P-values
Item
0
1
2
3
SEM Treatment Contrasts1
Pens, n
8
8
8
8
Steers, n
68
68
68
68
Carcass traits
Hot carcass weight, lbs 874
883
885
884
21.7
0.50
NS
Dressed yield, %
64.23 64.55
65.05 64.98
0.30
0.21
1*,2§
Ribeye area, in2
14.34 14.30
14.02 14.15
0.32
0.43
NS
Rib fat, in
0.50 0.53
0.52 0.52
0.03
0.72
NS
Calculated YG
2.94 3.05
3.08 3.07
0.09
0.40
1*
Marbling score
422
415
414
417
9.93
0.94
NS
Estimated EBF, %
29.39 29.78
29.83 29.73
0.42
0.68
NS
1
Contrasts: 1 = CON vs. average of 3 inclusion levels of BPZ; 2 = Linear; 3 = Quadratic.
*P ≤ 0.05; §0.06 ≤ P ≤ 0.10; NS = not significant (P > 0.10).
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Table 7. Dietary BPZ inclusion (g/kg diet DM) effects on categorical carcass outcomes
Dietary BPZ inclusion
P-values
Item
0
1
2
3
Treatment
Contrasts1
Pens, n
8
8
8
8
Steers, n
68
68
68
68
Distribution of USDA YG
YG 1, %
7.5
4.4
3.0
8.8
0.50
NS
YG 2, %
46.3
50.0
41.8
32.4
0.21
2§
YG 3, %
41.8
36.8
47.8
48.5
0.49
NS
YG 4, %
4.4
4.4
7.4
8.8
0.66
NS
YG 5, %
0
4.4
0
1.5
0.82
NS
Distribution of USDA QG
USDA Standard, %
0
0
1.5
0
1.00
NS
USDA Select, %
44.7
48.5
47.0
45.6
0.97
NS
USDA Low Choice, %
46.3
42.7
43.9
44.1
0.98
NS
USDA Average Choice, %
6.0
8.8
6.1
7.4
0.91
NS
USDA High Choice, %
3.0
0
1.5
2.9
0.95
NS
Liver abscess prevalence
Normal, %
82.1
88.2
88.1
77.9
0.32
3§
Abscess, %
17.9
11.8
11.9
22.1
0.32
3§
1
Contrasts: 1 = CON vs. average of 3 inclusion levels of BPZ; 2 = Linear; 3 = Quadratic.
*P ≤ 0.05; §0.06 ≤ P ≤ 0.10; NS = not significant (P > 0.10).
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Beef Day 2022
Evaluation of a direct fed microbial and/or an
enzymatically hydrolyzed yeast product in diets
containing monensin sodium on feedlot phase
growth performance, efficiency of dietary net
energy utilization, and carcass characteristics in
newly weaned beef steers fed in confinement for
258 days
Erin Gubbels1*, Forest Francis1, Thomas Hamilton1, Jason Griffin1, Warren Rusche1, Tom Rehberger2, Elliot
Block2, Z.K. Smith1
1

Deparment of Animal Science, South Dakota State University, Brookings, SD 57006. 2Arm & Hammer Animal
Nutrition, Princeton, NJ 08540

Objective
The objective of this research was to determine the influence a direct fed microbial (DFM) and/or yeast cell wall
(YCW) product (both from Arm & Hammer Animal Nutrition, Princeton, NJ) have on growth performance and
carcass characteristics in beef steers.
Study Description
Single-sourced, newly weaned steers (n = 256; initial body weight (BW) = 542 ± 3.7 lb) were allotted to 32
pens (n = 8 pens/treatment with 8 steers/pen). Steers were blocked by location in a 2x2 factorial treatment
arrangement of DFM (Certillus CP B1801 Dry; Bacillus subtilis, Lactobacillus plantarum; 28 g/steer·d-1) and
YCW (Celmanax; 18 g/steer·d-1). Steers were vaccinated and poured at processing and individually weighed
on d 1, 14, 42 (end of receiving phase; implanted), 77, 105 (end of growing phase), 133, 161 (implanted), 182,
230 (start ractopamine HCl) and 258. Growth performance and carcass measurements were recorded.
Take Home Points
No DFM×YCW interactions (P ≥ 0.05) were observed for cumulative growth performance. Steers from YCW
had lower (P = 0.04) dry matter intake compared to DFM and had a tendency (P < 0.08) for improved
measures of applied energetics by 1%. Use of DFM and YCW alone or in combination had minimal effects on
growth performance and carcass traits.
Introduction
Foodborne pathogens have accounted for approximately 9.4 million illnesses annually with 55,961 cases that
resulted in hospitalizations and 1,351 of the illnesses that resulted in death (Scallan, 2011). Salmonella was
the leading cause of foodborne pathogen related deaths accounting for approximately 28% of deaths (Scallan,
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2011). Pathogenic bacteria (i.e. Salmonella and E. coli O157:H7) reside in the gastrointestinal tract of cattle
that appear healthy. Feces (both Salmonella and E. coli O157:H7) as well as carcass associated lymphatic
tissue (primarily Salmonella) are potential sources of food supply contamination. In January of 2020, a citizen
petition requested the USDA Food Safety and Inspection Service to declare 31 Salmonella strains as
adulterants in meat products (USDA-FSIS, 2020). Should this come into action, this could pose problems for
cattle producers as 4.8% of foodborne Salmonella outbreaks and 0.3% of foodborne E. coli O157:H7
outbreaks can be attributed to beef products (Xie et al., 2016). Antimicrobials have been used in livestock
feeds in attempt to combat this issue. However, on January 1, 2017, all medically important antimicrobials to
human medicine were listed in the Veterinary Feed Directive (VFD; FDA, 2021). The VFD requires veterinarian
oversight and the prescription of feed-based antimicrobials from a veterinarian that has a working patient-client
relationship with the producer (FDA, 2021). Antimicrobial resistance is a large concern to animal producers,
livestock product processors, and consumers. Continued and unwarranted use of antimicrobials in livestock
production results in increased pools of antimicrobial resistant genes among bacteria (FDA, 2021). Specifically,
antimicrobial resistance in pathogenic bacteria capable of causing food borne illness, such as Salmonella and
E. coli O157:H7, is of greatest concern to beef producers, processors, and consumers. Bacillus subtilis based
direct fed microbial feed additives have been shown to reduce harmful pathogenic bacteria in the
gastrointestinal tract. Enzymatically hydrolyzed yeast product components of Saccharomyces cerevisiae have
been shown to reduce inflammation and modulate immune function. There is potential that the use of these
products can aid in controlling systemic inflammation. Therefore, the objective of this research was to
determine the influence a direct fed microbial (DFM) and/or an enzymatically hydrolyzed yeast product (YCW;
both from Arm & Hammer Animal Nutrition, Princeton, NJ) have on growth performance and carcass
characteristics in beef steers.
Experimental Procedures
Cattle Management
Single-sourced, newly weaned steers (n = 256; initial BW = 542 ± 3.7 lb) were transported approximately 319
miles from Western South Dakota to the Ruminant Nutrition Center (RNC) in Brookings, SD in October of
2020. The morning following arrival, all steers were subjected to an individual BW measurement used for
allotment purposes, application of a unique identification ear tag, vaccination against viral respiratory diseases
(Bovishield Gold 5, Zoetis) and clostridial species (Ultrabac 7/Somubac, Zoetis) and administered pour-on
moxidectin (Cydectin, Bayer) according to label directions. The afternoon following initial processing steers
selected from the larger population based upon temperament, health, and uniformity of body weight were
allotted to 32 pens (n = 8 pens/treatment with 8 steers/pen).
Dietary Treatments and Feeding Management
Steers were blocked by location in a 2 x 2 factorial treatment arrangement of DFM (Certillus CP B1801 Dry;
Bacillus subtilis, Lactobacillus plantarum; 28 g/steer·d-1) and YCW (Celmanax; 18 g/steer·d-1). Steers were
individually weighed on d 1, 14, 42 (end of receiving phase), 77, 105 (end of growing phase), 133, 161, 182,
230, and 258. Steers were implanted with a Synovex-S (Zoetis) implant containing 200 mg progesterone and
20 mg estradiol benzoate (EB) at 42 d and a Synovex Plus (Zoetis) implant containing 200 mg trenbolone
acetate and 28 mg EB at 161 d. At 230 d, all treatments were started on ractopamine HCl at 300 mg/steer·d -1
until the conclusion of the study at 258 d.
Throughout the entire study, feed was manufactured twice daily (0800 h and 1500 h), and bunks were
managed according to a slick bunk management system allowing for ad libitum access to feed. All diets
(Tables 1 and 2) contained monensin sodium (Rumensin-90, Elanco Animal Health) at 27.6 mg/kg during the
receiving and growing phase and 33.1 mg/kg during the finishing phase; all diets were fortified with vitamins
and minerals to exceed nutrient requirements for growing and finishing beef steers (NRC, 1996).
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Growth Performance Calculations
Growth performance (BW, average daily gain (ADG), feed efficiency (F:G and G:F), dry matter intake (DMI))
was determined from receiving through finishing. All interim period growth performance data is based upon live
weight reduced by 4% to account for digestive tract fill. Cumulative growth performance was based upon initial
BW (average BW from initial processing and d 1 with a 4% shrink applied to account for digestive tract fill) and
final BW (shrunk 4%). ADG was calculated as the difference between BW and initial shrunk BW, divided by
days on feed for the respective period; feed efficiency was calculated from ADG/DMI.
Applied energetics measures (observed dietary NE; the ratio of observed-to-expected dietary NE, DMI, and
ADG; and MQ) were assessed from d 1 to 258 for the cumulative post-weaning feeding period. Observed
dietary NE was calculated from daily energy gain (EG; Mcal/d): EG = ADG 1.097 × 0.0557W0.75, where W is the
mean equivalent (Eq) BW [average initial shrunk BW and ending period shrunk BW × (1053/AFBW), lbs;
(NRC, 1996)], using shrunk (4%) growth performance. Maintenance energy required (EM; Mcal/d) was
calculated by the following equation: EM = 0.077BW0.75 (Lofgreen and Garrett, 1968) where BW is the mean
shrunk BW (average of initial shrunk BW and ending period BW). Using the estimates required for
maintenance and gain, the observed dietary NEm and NEg values (Owens and Hicks, 2019) of the diet were
−𝑏±√𝑏2−4𝑎𝑐

generated using the quadratic formula: 𝑥 =
, where x = NEm, Mcal/kg, a = -0.41EM, b = 0.877EM +
2𝑐
0.41DMI + EG, c = -0.877DMI, and NEg was determined from: 0.877NEm – 0.41 (Zinn and Shen, 1998; Zinn
et al., 2008). The ratio of observed-to-expected NE ratio was determined from observed dietary NE for
maintenance or gain/tabular NE for maintenance (tNEm) or gain (tNEg). Expected DMI was determined based
observed ADG and equivalent BW according to the following equation (NRC, 1996): expected DMI, kg/d =
(EM/tNEm)+(EG/tNEg), where tNEm and tNEg are NE values based upon tabular composition of the diet.
Expected ADG (kg/d) was determined from feed available for maintenance (FFM), feed available for gain
(FFG), retained energy (RE; Mcal/d), median feeding weight and equivalent BW (EqBW), where FFM =
EM/tNEM, FFG = DMI - FFM, and RE = FFG × tNEG according to the following equation: expected ADG, kg/d =
(13.91 × RE0.9116 × EqBW-0.6837). Maintenance coefficient (MQ) was determined using the following equation:
MQ, Mcal/ W0.75=[(DMI-(EG/NEg))NEm]/W0.75.
Carcass Trait Determination
Steers were harvested after 258 d on feed post-weaning. Steers were shipped the afternoon following final BW
determination and harvested the next day at a commercial harvest abattoir. Liver abscess prevalence and
severity was determined following evisceration according to the Elanco Scoring System as: Normal (no
abscesses), A- (1 or 2 small abscesses or abscess scars), A (2 to 4 well organized abscesses less than 1 in
diameter), or A+ (1 or more large active abscesses greater than 1 in diameter with inflammation of surrounding
tissue). Hot carcass weight (HCW) was captured immediately following the harvest procedure. Video image
data were obtained from the packing plant for rib eye area (REA), rib fat (RF), kidney pelvic heart fat (KPH),
and USDA marbling scores. Yield grade (YG) was calculated according to the USDA regression equation
(USDA, 1997). Dressing percentage (DP) was calculated as HCW/(final BW × 0.96). Estimated empty body fat
(EBF) percentage and final BW at 28% EBF (AFBW) were calculated from observed carcass traits (Guiroy et
al., 2002), and proportion of closely trimmed boneless retail cuts from carcass round, loin, rib, and chuck
(Retail Yield, RY; (Murphey et al., 1960).
Statistical analysis
Growth performance, carcass traits, and efficiency of dietary NE utilization were analyzed as a randomized
complete block design using the GLIMMIX procedure of SAS 9.4 (SAS Inst. Inc., Cary, NC) with pen as the
experimental unit. The model included the fixed effect of DFM, YCW and their interaction; block was included
as a random variable. Least squares means were generated using the LSMEANS statement of SAS 9.4.
Treatment effects were analyzed using the pairwise comparisons PDIFF and LINES option of SAS 9.4.
Distribution of USDA Yield and Quality grade data, as well as liver abscess prevalence and severity were
analyzed as binomial proportions in the GLIMMIX procedure of SAS 9.4 with fixed and random effects in the
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model as previously mentioned. An α level of less than or equal to 0.05 determined significance and
tendencies were discussed at an α level between 0.05 and 0.10.
Results and Discussion
No DFM × YCW interactions (P ≥ 0.10) were observed for cumulative growth performance responses (Table
3). The use of DFM had no influence (P ≥ 0.10) on live weight, ADG, DMI, G:F, observed dietary NE, the ratio
of observed-to-expected dietary NE, DMI, and ADG, or MQ. Steers from YCW had reduced (P ≤ 0.04) intake
by 1.8%. Observed dietary NEm and NEg tended (P ≤ 0.07) to be increased by 1.2 to 1.5% when YCW was
fed. The ratio of observed-to-expected dietary NEm and NEg tended (P ≤ 0.07) to be increased by 1.0 to 1.5%
when YCW was fed. The ratio of observed-to-expected DMI tended (P = 0.08) to be decreased by 1.0% when
YCW was fed. The ratio of observed-to-expected ADG tended (P = 0.08) to be decreased by 2.0% when YCW
was fed. The MQ tended (P ≤ 0.06) to be reduced by 3.9% when YCW was supplemented compared to nonsupplemented controls. No other effects (P ≥ 0.14) of YCW supplementation were observed for growth
performance responses.
Carcass characteristic measures are presented in Table 4. A DFM × YCW interaction (P = 0.02) was noted for
the distribution of USDA YG1 carcasses. Steers from control had a greater (P ≤ 0.05) proportion of carcasses
classified as USDA YG1 compared to all other treatments. Additionally, a DFM × YCW interaction (P = 0.04)
was observed for the distribution of USDA Prime carcasses. Steers from DFM × YCW had a greater (P ≤ 0.05)
proportion of carcasses classified as USDA Prime compared to DFM and YCW but did not differ (P ≥ 0.10)
from the control carcasses, which were similar (P ≥ 0.10) to DFM and YCW carcasses. No other DFM × YCW
interactions were noted for other carcass measurements (P ≥ 0.06). Supplemental DFM had no significant
impact (P ≥ 0.10) on any carcass trait responses. Use of YCW resulted in 31.9% reduction in carcasses
classified as USDA Average Choice (P = 0.05). Supplementation of YCW during the entire post-weaning
production phase had no other effects (P ≥ 0.10) on any carcass trait measurements in the present
experiment.
Implications
Results from this study indicate the use of DFM and YCW alone or in combination had minimal effects on
growth performance and carcass merit. Collectively, these data suggest cumulative post-weaning gain
efficiency was not appreciably influenced by DFM or YCW supplementation. However, differences in the
efficiency of energy utilization of the diet revealed that steers from YCW had an increase in the efficiency of
dietary energy utilization by 1%. The basis for this improvement may be attributed to improved ruminal health,
or reduced inflammation that resulted in a reduced MQ requirement. Further investigation is warranted to
determine the impact direct fed microbials and enzymatically hydrolyzed yeast product components have on
ruminal health.
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Tables
Table 1. Diet composition for the receiving, growing, and transition diets for steers fed Control, DFM and/or YCW diets from d 1 to 1261.
d 1 to 42 (Receiving)
Item
DRC, %
HMC, %
DDGS, %
Corn Silage, %
Oat Hay, %
Sorghum Silage,
%
Pelleted
Supplement, %
Liquid
Supplement, %
Treatment
Supplement, %
DM, %
NEm, Mcal/cwt
NEg, Mcal/cwt

d 43 to 112 (Growing)

DFM

YCW

19.21
52.16
18.96
-

19.20
52.14
18.96
-

19.21
52.16
18.96
-

DFM +
YCW
19.20
52.13
18.95
-

5.82

5.82

5.82

5.82

-

-

-

3.88

3.85

3.89

CON

3.85

d 113 to 119 (Transition 1)

DFM

YCW

14.68
19.70
51.66
4.74
-

14.68
19.69
51.65
4.74
-

14.68
19.70
51.66
4.74
-

DFM +
YCW
16.47
19.69
51.64
4.75
-

6.54

6.54

6.54

CON

-

-

2.67

2.71

CON

DFM

YCW

16.85
15.65
17.19
42.61
-

16.85
15.65
17.18
42.60
-

16.85
15.65
17.19
42.61
-

6.53

-

-

-

-

-

5.14

5.14

2.69

2.72

2.55

2.58

d 120 to 126 (Transition 2)

DFM +
YCW
16.85
15.64
17.18
42.60
-

CON

DFM +
YCW
24.33
22.55
15.12
30.33
-

DFM

YCW

24.34
22.56
15.13
30.35
-

24.33
22.56
15.13
30.34
-

24.33
22.56
15.13
30.34
-

-

-

-

-

-

5.14

5.14

5.10

5.10

5.10

5.10

2.56

2.59

2.53

2.56

2.54

2.57

47.80
47.82
47.80
47.82
50.89 50.91
50.90
50.92
49.24
49.25
49.25
49.26
56.01
56.02
56.01
56.03
78.25
78.25
78.25
78.26
84.18 84.18
84.18
84.18
87.41
87.42
87.42
87.42
91.01
91.02
91.02
91.02
49.10
49.11
49.10
49.11
55.05 55.06
55.05
55.06
58.35
58.35
58.35
58.35
61.50
61.50
61.50
61.50
1 All diets were fortified with vitamins and minerals to exceed nutrient requirements for growing and finishing beef steers (NRC, 1996) and contained monensin sodium (Rumensin90, Elanco Animal Health) at 27.6 mg/kg within the liquid supplement until d 113 where the liquid supplement contained 33.1 mg/kg, CON: Control:, No DFM or YCW, DFM: directfed microbial (Certillus), YCW: enzymatically hydrolyzed yeast product (Celmanax).
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Table 2. Diet composition for the finishing diet for steers receiving Control, DFM and/or YCW diet from d 127 to 258 1.
d 127 to 230 (Finisher 1)
Item
DRC, %
HMC, %
DDGS, %
Corn Silage, %
Oat Hay, %
Sorghum Silage, %
Pelleted Supplement, %
Liquid Supplement, %
Treatment Supplement, %
DM, %
NEm, Mcal/cwt
NEg, Mcal/cwt

CON

DFM

YCW

32.74
32.43
15.03
12.25
5.24
2.31
68.24
95.85
65.46

32.74
32.43
15.03
12.25
5.24
2.31
68.25
95.85
65.46

32.74
32.43
15.03
12.25
5.24
2.31
68.24
95.85
65.46

d 231 to 245 (Finisher 2)
DFM +
YCW
32.74
32.43
15.03
12.25
5.24
2.31
68.24
95.85
65.46

CON

DFM

YCW

35.54
34.98
15.29
6.80
5.27
2.11
71.52
96.22
65.63

35.34
34.98
15.29
6.80
5.27
2.12
71.52
96.22
65.63

35.54
34.98
15.29
6.80
5.27
2.11
71.52
96.22
65.63

1

d 246 to 258 (Finisher 3)
DFM +
YCW
35.54
34.98
15.29
6.80
5.27
2.12
71.52
96.22
65.63

CON

DFM

YCW

69.10
15.11
1.99
6.46
5.24
2.10
77.89
94.05
63.58

69.10
15.11
1.99
6.46
5.24
2.11
77.90
94.05
63.58

69.10
15.11
1.99
6.46
5.24
2.10
77.89
94.05
63.58

DFM +
YCW
69.10
15.11
1.99
6.46
5.24
2.10
77.90
94.05
63.58

All diets were fortified with vitamins and minerals to exceed nutrient requirements for growing and finishing beef steers (NRC, 1996), and contained monensin sodium (Rumensin-90,
Elanco Animal Health) at 33.1 mg/kg within the liquid supplement, CON: Control: No DFM or YCW, DFM: direct-fed microbial (Certillus), YCW: enzymatically hydrolyzed yeast product
(Celmanax).
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Table 3. Effect of Control, DFM and/or YCW on cumulative growth performance responses (d 1 to 258) 1.
Item
Control
Pens, n
8
Steers, n
62
Growth Performance
Initial BW, lb
543
258 d BW, lb
1447
ADG, lb/d
3.50
DMI, lb/d
20.76
G:F2
0.169
F:G3
5.92
Applied Energetic Measures
Dietary NEm, Mcal/cwt
89.05
Dietary NEg, Mcal/cwt
59.50
O-E dietary NEm4
1.00
O-E NEg4
1.00
O-E DMI4
1.00
O-E ADG4
1.00
MQ, Mcal/MBS
0.078

DFM
8
62

SEM
-

YCW
-

P - value
DFM
DFM+YCW
-

YCW
8
61

DFM+YCW
8
59

543
1445
3.50
20.76
0.169
5.92

544
1431
3.44
20.30
0.169
5.92

543
1447
3.51
20.47
0.171
5.85

16.7
0.064
0.238
0.0021
-

0.55
0.52
0.04
0.26
-

0.56
0.48
0.62
0.54
-

0.46
0.43
0.64
0.47
-

89.10
59.54
1.00
1.00
1.00
1.00
0.077

89.86
60.21
1.01
1.01
0.99
1.01
0.075

90.39
60.67
1.01
1.02
0.99
1.03
0.074

0.779
0.682
0.008
0.011
0.010
0.016
0.0020

0.07
0.07
0.07
0.07
0.08
0.08
0.06

0.60
0.61
0.61
0.60
0.54
0.48
0.59

0.66
0.66
0.66
0.66
0.66
0.62
0.66

1 A 4% shrink was applied to all BW measures to account for gastrointestinal tract fill, Deads and removals excluded from final
calculations, Control: No DFM or YCW, DFM:direct-fed microbial (Certillus), YCW:enzymatically hydrolyzed yeast product
(Celmanax).
2Gain to feed ratio = average daily gain / dry matter intake.
3Feed to gain ratio = dry matter intake / average daily gain. P-values are equal to G:F values for each respective treatment.
4O-E: Observed-to-expected ratio for net energy for maintenance, gain, dry matter intake, or average daily gain.
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Table 4. Effect of Control, DFM and/or YCW on carcass trait responses1.
Item
Control
DFM
YCW
Pens, n
8
8
8
Steers, n
62
62
61
Carcass Traits
HCW, lbs
941
937
929
DPa, %
64.88
64.83
64.95
REA, in2
15.35
15.32
15.32
RF, in
0.47
0.49
0.50
b
Marbling
492
484
481
KPH, %
1.75
1.79
1.78
Calculated
2.70
2.73
2.72
YGc
RYd, %
51.17
51.09
51.11
e
EBF , %
29.86
29.91
29.94
AFBWe, lbs
1403
1396
1384
Yield Grade Distribution, %
1
12.9a
1.6b
3.3b
2
48.7
73.4
62.5
3
38.4
23.4
34.2
4
0.0
1.6
0.0
5
Quality Grade Distribution, %
Select
19.6
13.0
14.5
Low Choice
38.4
44.8
52.2
Average
27.5
35.9
23.0
Choice
High Choice
11.2
6.3
10.3
Prime
3.3ab
0.0b
0.0b
f
Liver Abscess Severity and Prevalence , %
Normal
90.0
93.2
90.4
A3.3
2.1
4.7
A
1.6
0.0
0.0
A+
5.1
4.7
4.9

DFM+YCW
8
59

SEM
-

YCW
-

P - value
DFM
-

DFM+YCW
-

937
64.82
15.36
0.50
481
1.77
2.75

11.1
0.216
0.175
0.025
18.1
0.026
0.075

0.49
0.84
0.95
0.34
0.59
0.76
0.69

0.75
0.58
0.97
0.68
0.74
0.40
0.57

0.43
0.79
0.81
0.78
0.74
0.27
0.96

51.06
30.03
1393

0.162
0.376
17.8

0.71
0.71
0.37

0.54
0.78
0.93

0.89
0.95
0.50

4.9b
57.3
36.0
1.7
-

2.55
7.53
6.75
1.18
-

0.23
0.88
0.54
0.93
-

0.07
0.21
0.34
0.17
-

0.02
0.06
0.23
0.93
-

18.8
46.9
20.2

4.96
6.63
5.62

0.94
0.21
0.05

0.81
0.93
0.56

0.25
0.35
0.26

10.1
3.9a

3.96
1.68

0.69
0.88

0.49
0.88

0.52
0.04

95.3
1.6
3.1
0.0

3.37
2.05
1.29
2.48

0.71
0.78
0.55
0.33

0.23
0.15
0.55
0.29

0.81
0.53
0.08
0.38

1

Control: No DFM or YCW, DFM: direct-fed microbial (Certillus), YCW: enzymatically hydrolyzed yeast product (Celmanax).
Percent = (HCW/final BW shrunk 4%) × 100.
b 400 = small00
c According to the regression equation described by USDA (1997) for USDA Yield Grade.
d Retail yield as a percentage of hot carcass weight according to Murphey et al. (1960).
e Empty body fat percentage and average final body weight at 28% empty body fat calculated according to the equations described by
Guiroy et al. (2002).
f According to the Elanco Liver Scoring System: Normal (no abscesses), A- (1 or 2 small abscesses or abscess scars), A (2 to 4 well
organized abscesses less than 1 in. diameter), or A+ (1 or more large active abscesses greater than 1 in. diameter with inflammation
of surrounding tissue).
a Dressing
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Beef Day 2022
Evaluation of a direct fed microbial and an
enzymatically hydrolyzed yeast product fed alone
or in combination to beef steers administered
ractopamine hydrochloride 28 days prior to harvest
during summer months in the Northern Plains
Erin Gubbels1*, Forest Francis1, Thomas Hamilton1, Jason Griffin1, Warren Rusche1, Tom Rehberger2, Elliot
Block2, Zachary Smith1
1

Deparment of Animal Science, South Dakota State University, Brookings, SD 57006. 2Arm & Hammer Animal
Nutrition, Princeton, NJ 08540

Objective
The objective of this research was to determine the influence a direct fed microbial (DFM) and/or yeast cell wall
(YCW) product (Arm & Hammer Animal Nutrition, Princeton, NJ) have on heat stress measures in beef steers
administered ractopamine hydrochloride (RH; 300 mg/steer·d-1) the final 28-d on feed, during summer months
in the Northern Plains (NP).
Study Description
Single-sourced, newly weaned steers (n=256; initial BW=542 ± 3.7lb; n=64 steers/treatment; 8 steers/pen)
were blocked by location in a 2×2 factorial arrangement of DFM (Certillus CP B1801 Dry; Bacillus subtilis,
Lactobacillus plantarum; 28 g/steer·d-1) and YCW (Celmanax; 18 g/steer·d-1). Temperature-humidity index
(THI) was calculated as: THI=0.81×ambient temperature+[relative humidity×(ambient temperature14.40)]+46.40. On d-1 and 2 and d-21 and 22 on RH, respiration rate (RR) and panting scores (PS) were
determined before and after AM and PM feedings (0700h, 1100h, 1400h, 1700h). RR (n=3 steers/pen) was
calculated from: 600/seconds required for 10 flank movements. PS utilized this scoring system: 0 (not
distressed) to 4.5 (severely distressed).
Take Home Points
Two separate heat events occurred where the average THI was greater than 75 for 10-d of the 28-d period.
DFM and YCW used alone or in combination had minimal effects on heat stress measures in NP steers fed RH
during summer months.
Acknowledgements
The author wishes to acknowledge the staff of the South Dakota State University Ruminant Nutrition Center for
the daily care and management for the cattle used in the present study. This research was sponsored by funds
appropriated to South Dakota State University by Arm & Hammer Animal Nutrition, the National Institute of
Food and Agriculture and the South Dakota State university Experiment Station (HATCH-SD00H690-19), and
the Beef Nutrition Program at South Dakota State University.
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Beef Day 2022
Effects of on-arrival application of a modified-live
respiratory and clostridia vaccination on health,
growth performance, and antibody titers of newlyweaned calves
Erin Gubbels1*, Santana Hanson1, Tommy Norman1, Thiago Ribeiro1, Thomas Hamilton1, Forest Francis1,
Jason Griffin1, Warren Rusche1, Zachary Smith1
1

Department of Animal Science, South Dakota State University, Brookings, SD 57006

Objective
The objective of this research was to evaluate health, growth performance, and antibody titers to IBR, BVD 1
and 2, PI3, and BRSV in newly weaned calves administered a respiratory and clostridia vaccine upon arrival or
no clostridia or respiratory vaccine administered upon arrival.
Study Description
Single-sourced, newly weaned steers (n=70; initial body weight (BW)=560±12.9lb) were allotted to 10 pens
(n=5 pens/treatment with 7 steers/pen). Steers were blocked by BW in a randomized complete block design of
VAC [vaccinated for IBR, BVD 1 and 2, PI3, and BRSV (Bovi-Shield Gold 5, Zoetis, Parsippany, NJ) and
clostridial (Ultrabec 7/Somubac, Zoetis) upon arrival] or NOVAC (not vaccinated for IBR, BVD 1 and 2, PI 3, and
BRSV or clostridial species upon arrival). Steers were individually weighed on d 0 (arrival), 1, 21, and 42 for
growth performance measures. Whole blood samples (10 mL) were collected (n=3 steers/pen closest to the
pen mean BW) on d 1, 21, and 42 via jugular venipuncture for metabolite and antibody titer responses.
Take Home Points
Dry matter intake tended (p < 0.07) to increase as a percentage of BW for NOVAC compared to VAC.
Collectively, growth performance measures were unaffected by vaccination timing. Blood metabolite analysis
for antibody titer responses is ongoing.
Acknowledgements
The author wishes to acknowledge the staff of the South Dakota State University Ruminant Nutrition Center for
the daily care and management for the cattle used in the present study. This research was sponsored by funds
appropriated to South Dakota State University by the National Institute of Food and Agriculture and the South
Dakota State university Experiment Station (HATCH-SD00H690-19) and the Beef Nutrition Program at South
Dakota State University.
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Beef Day 2022
Principles of holistic resource management:
Investing in self-education
Pete Bauman
Objective
To introduce agricultural producers to an option for assessing livestock and land stewardship through a Holistic
Resource Management and ‘Triple Bottom Line’ approach to whole farm and ranch planning.
Study Description
First developed as a concept for approaching grazing resources management by Alan Savory in the 1970’s as
a means of combating poor grazing practices, the concept of Holistic Management has evolved in the modern
era to Holistic Resource Management, or in some cases “Wholistic” Resource Management, suggesting a
more inclusive approach to overall planning and assessment beyond developing a sustainable grazing plan.
In simplified terms, a complete Holistic Resource Management plan for an agricultural businesses ultimately
embraces a core concept that centers on the original ‘Triple Bottom Line’ accounting philosophy where the
three “P’s” of profit, people, and planet are all viewed as valuable measures and the advancement of a
balanced relationship between these measures leads to successful management of a business as a whole.
There are several iterations of the three “P’s” in various business sectors, but all generally reflect the broad
categories of measuring sustainability in relation to Social, Environmental, and Economic impact. In the
farming and ranching industry, these measures are often re-labeled as finances, resources (land and other
assets), and people (often family).
There is, and will continue to be, a great deal of debate over Savory’s grazing model. And key to the success
of triple bottom line accounting, as explained by the founder of the concept John Elkington, is that it be more
than simply a method of accounting. Rather, both are designed to provoke deeper thinking about the entirety of
the thing being assessed.
Because of this more open interpretation, the combination of Holistic Resource Management coupled with
Triple Bottom Line accounting creates a framework for agricultural producers to walk through a process of
recognizing and challenging paradigms, creating vision, setting goals, identifying and engaging key persons,
and learning to work with (instead of counter to) natural processes that can lead to greater profitability and
resilience.
Take Home Points
Agricultural producers who have embraced the concepts of Holistic Resource Management planning utilizing a
Triple Bottom Line approach to accounting and accountability have often, and at times drastically, changed
their operational structure and business models. Some changes that are often cited as drivers of improving
profitability are:
- Recognizing and matching livestock with the local environment
- Syncing management with natural cycles
- Identifying and controlling unnecessary input expenses
South Dakota State University Beef Day 2022
© 2022 South Dakota Board of Regents
41

-

Improving understanding of profitability related to biological diversity
Understanding indicators of systems health and profitability

In addition, increased success and resiliency of the business, including improved lifestyle and mental health,
decreased overhead, improved profitability, happiness, and opportunity to transition the business to future
generations are often cited as key outcomes of a Holistic Resource Management approach.
Producers interested in learning more about the Holistic approach to management of resources can find
opportunities and resources through the SD Grassland Coalition, SD Soil Health Coalition, SDSU Extension,
and other’s annual educational events including.
- Pasture walks
- SD Grazing Schools
- SD Grassland Management School
- SD Soil Health School
- Holistic Resources Management Schools
- Ranching For Profit Schools
- Low Stress Livestock handling workshops
- Other workshops and events
Acknowledgements
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Beef Day 2022
Use of pregnancy associated glycoproteins to
determine fetal age throughout gestation and
clearance rate in postpartum beef cattle
Adalaide C. Kline, Julie A. Walker, Taylor N. Andrews, Saulo Menegatti Zoca, Kaitlin M. Epperson, Lacey K.
Quail, Jerica J. J. Rich, Jim R. Rhoades, George A. Perry
Objective
The objectives of these studies were to determine whether a commercially available blood pregnancy test that
measures pregnancy associated glycoproteins (PAGs) concentrations could be modified to detect stage of
pregnancy in cattle and to determine factors that impact clearance of PAGs after calving.
Study Description
Previously identified pregnant females from four different herds and postpartum females from one herd were
utilized. Blood samples were collected (n = 1,753; study 1) between d 28 and 285 of gestation and (heifers n =
418 and cows n = 657; study 2) once a week for up to 12 weeks after calving. Serum was tested in duplicate
using a commercially available blood pregnancy test, IDEXX Alertys Pregnancy Test. In study 1, procedures
were modified to allow PAG concentrations to fall within the detectible range of the assay. Data were analyzed
using the MIXED procedure of SAS with cow age and gestational age (also divided into four gestational age
groups: 1) < 30 d; 2) 30-90 d; 3) 91-180 d; 4) > 180 d) in the model and then analyzed further using the REG
procedure in SAS within gestational age group. In study 2, data were analyzed as repeated measure using the
MIXED procedure of SAS with cow age, days postpartum (dpp), and cow age by dpp in the model, then data
were analyzed further using the REG procedure in SAS. In study 1, there was a significant effect of gestational
age and cow age by gestational age interaction (P < 0.01) as well as a tendency of cow age (P = 0.08). Among
heifers and cows, serum PAG concentrations did not differ between gestational age groups 1 and 2 (P > 0.84),
however, PAG concentrations differed between groups 2 and 3 (P < 0.0001) and 3 and 4 (P < 0.0001). There
was a positive correlation between gestational age and PAG concentrations (P < 0.01; r2 = 0.2604). In study 2,
there was a significant effect of days postpartum (dpp; P < 0.01) on PAG concentrations; however, PAG
concentrations were not influenced by cow age (P = 0.73) or cow age by dpp (P = 0.55). Concentrations of
PAGs rapidly decreased from d 0 to 50 postpartum and then continued to gradually decrease (P < 0.01; r2 =
0.8083). Prior to 42 dpp, PAG concentrations were sufficiently elevated which resulted in false positive
readings.
Take Home Points
Concentrations of PAGs using this modified pregnancy test would not make a reliable marker for gestational
age due to high variability. Additionally, residual PAGs decreased to undetectable concentrations after 42 dpp
in most females; thus, minimizing the likelihood of false positives (test results indicating a cow is pregnant,
when she is not pregnant).
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Introduction
In order to be more profitable and have a complete and successful reproductive management program,
pregnancy diagnosis within an operation is not only important, but necessary (Oltenacu et al., 1990).
Fertilization occurs greater than 90% of the time following insemination of beef cows that have been detected
in estrus, but calving rates to a single insemination are usually only about 55% (Diskin and Sreenan, 1980).
Without an accurate pregnancy detection method, an operation can miss out on both monetary and
management alternatives. Transrectal ultrasonography is considered the gold-standard for pregnancy
detection, but it is costly and requires a skilled technician (Perry and Cushman, 2016). Transrectal palpation of
pregnancy requires even greater skill and can result in some pregnancy loss. An alternative method to
determine pregnancy is with blood tests utilizing pregnancy-associated glycoproteins (PAGs; Sasser et al.,
1986; Humblot et al., 1988; Zoli et al., 1992; Mialon et al., 1993). These glycoproteins can be detected in the
maternal bloodstream as early as day 22 to 24 of gestation (Pohler et al., 2013), and are extremely accurate
with a 95 to 99% true positive rate and a 1 to 5% false positive rate compared to transrectal ultrasonography
(Pohler et al., 2016). Blood pregnancy tests are also increasing in popularity due to ease of use and the unique
feature of not requiring costly equipment or special training.
A downside to blood pregnancy tests is they do not provide any additional results such as fetal age.
Pregnancy-associated glycoproteins steadily increase throughout gestation, are elevated at time of parturition,
and then decrease after parturition (Sasser et al., 1986; Zoli et al., 1992; Green et al., 2005). They also have a
long-half life in the blood of postpartum females which ranges from 80 to 100 d before they become
undetectable in the maternal blood supply (Zoli et al., 1992; Kiracofe et al., 1993). Because PAGs peak at
parturition and have a long half-life, residual concentrations can still exist in cows at the start of the subsequent
breeding season. Thus, when trying to use PAG concentrations as a marker for early pregnancy diagnosis,
these residual concentrations can impact the results. Therefore, the objectives of these studies were to 1)
determine if a commercially available blood pregnancy test could be modified to detect differences in PAG
concentrations to indicate stage of pregnancy or fetal age and 2) determine factors that impact clearance of
PAGs in postpartum beef females.
Experimental Procedures
Experimental Design
In study 1, blood samples (n = 1,753) were collected from Angus and Angus-cross beef females previously
identified as pregnant via transrectal ultrasonography from four herds in South Dakota.
In study 2, Angus and Angus-cross postpartum females (n = 114; heifers n = 48 and cows n = 66) from one of
the previously mentioned herds were utilized. Animals were managed similarly in two groups; however,
females were in separate pastures based on sex of calf. Blood samples were collected once a week for up to
12 weeks post calving (range of first and last sample was 1-7 to 84-91 days postpartum; dpp).
Blood Sampling
In study 1, blood samples were only collected in females identified as pregnant by transrectal ultrasonography.
In study 2, blood samples were only collected in females who had calved. Blood samples were collected by
venipuncture of either the tail or jugular vein into 10-mL Vacutainer tubes (Becton, Dickinson and Company,
Franklin Lakes, NJ) and stored at room temperature for approximately two hours until centrifuged. Samples
were centrifuged, serum was collected and stored at -20 °C until PAG assays were conducted.
Bovine Pregnancy Tests
Each serum sample was examined in duplicate using a commercially available blood pregnancy test, IDEXX
Alertys Ruminant Pregnancy Test (IDEXX, Westbrook, ME).
In study 1, all samples were analyzed according to the manufacturer’s instructions aside from a few adaptions
to the protocol. Since all females were pregnant, PAG concentrations exceeded the threshold of detection of
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the IDEXX Alertys Ruminant Pregnancy Test assay. Thus, to have PAG concentrations fall within the linear
detectable range of the assay, the serum sample was decreased from 100 µL to 8 µL and plates were
incubated at 37 °C for more consistency. Optical density was measured at Absorbance of 450 nm and 650 nm
using a Molecular Devices SpectraMax 190 microtiter plate reader and recorded.
In study 2, all samples were analyzed according to the manufacturer’s instructions with 100 μL of sample used.
Statistical Analysis
In study 1, blood samples were grouped by age (heifers and cows) and were also grouped into 4 gestational
age groups (group 1: < 30 d, group 2: 30- 90 d, group 3: 91- 180 d, and group 4: >180 d) to further statistically
analyze the data. Groups were established where a natural break in gestational age occurred. Serum PAG
concentrations were analyzed using the MIXED procedure of SAS with age and gestational age in the model.
Correlations between PAG concentrations and gestational age were analyzed using the REG procedure in
SAS.
In study 2, samples were grouped by week of collection and PAG concentrations were analyzed as a repeated
measure using the MIXED procedure of SAS (9.4) with age, days postpartum (dpp), and age by dpp in the
model. Since there was no effect (P > 0.10) of age, effect of dpp on PAG concentrations were analyzed using
the REG procedure in SAS. Statistical significance was determined at a P ≤ 0.05 and a tendency at 0.05 < P ≤
0.10 for analysis.
Results and Discussion
Study 1
There was a significant impact of gestational age on PAG concentrations among pregnant females.
Pregnancy-associated glycoproteins had a linear increase in both heifers and cows as gestational age
increased (P < 0.01); however, there was a weak correlation (r2 = 0.3009; Figure 1). There was an interaction
between age and gestational day (P < 0.05), so blood samples were divided into gestational age groups by
trimester to further analyze the data. Concentrations of PAGs had a linear increase in both heifers and cows as
gestational age group increased (P < 0.01); however, there was a weak correlation (r2 = 0.2604) to gestational
age (Figure 2). Among animals, there was no difference in PAG concentrations between groups 1 to 2 (P =
0.84), but there was an increase between groups 2 to 3 (P < 0.0001) and then a further increase between
groups 3 to 4 (P < 0.0001; Figure 3.A). A comparison of age by group was made between heifers and cows
(Figure 3.B). Among heifers there was a linear increase from group 1 to 2, group 2 to 3, and then further from
group 3 to 4 (P < 0.0001; Figure 3.B). Among cows there was no difference between group 1 and 3, but there
was a decrease, between group 1 to 2, then an increase from group 2 to 3, and a further increase from 3 to 4
(P < 0.0001; Figure 3.B). Between heifers and cows there was a tendency between group 1 (P = 0.06) and a
difference between groups 2, 3, and 4 (P < 0.0001; Figure 3.B).
Study 2
There were no post-calving differences in PAG concentrations between 1st calf heifers and cows (age; P =
0.73) and age by dpp (P = 0.55). There was, however, a significant effect of dpp on PAG concentrations in
postpartum females (P < 0.01). There was a linear decrease in PAG concentration from day 0 (calving) to
approximately 40 postpartum, at which time PAGs were undetectable (Figure 4; P < 0.01). Days postpartum
accounted for 67.08% of the variation in PAG concentrations. Females were further separated into 7-d interval
groups based on dpp for further analysis; dpp were grouped in blocks of 7 days from 0 to 84 dpp (Figure 5).
There was a linear decrease from 0 to 50 dpp and then PAG concentrations plateaued from 50 to 84 dpp
(Figure 5). There was again a strong correlation between dpp group and PAG concentrations, accounting for
67.48% of the variance (Figure 5). Since PAGs plateaued from 50 dpp onward further statistical analysis was
performed to determine the clearance from 0 (calving) to 50 dpp (Figure 6). Analysis of females when
separated into 7-d interval groups was also made from 0 to 50 dpp (Figure 7). Elimination of the samples when
they begin to plateau allowed for a stronger correlation between PAG concentrations and dpp, accounting for
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81.73% and 80.83% of the variance (Figure 6 and 7, respectively; P < 0.01). When determining average PAG
concentrations of samples broken down into 7 d intervals through day 84, clearance occurred by 42 dpp (od =
0.26 ± 0.036; Figure 8.A). Animals are considered pregnant when optical density (od) were ≥ 0.3. There was
no significant difference between cows and heifers determining the clearance of PAGs with the IDEXX Alertys
Ruminant Pregnancy Test (P = 0.55).
Implications
Concentrations of PAGs increased with gestational age. However, with the variability in concentrations it is
difficult to use PAGs as a marker for fetal age. Concentrations of PAGs decreased rapidly for the first 3 weeks
after parturition and after 42 dpp concentrations fell below the minimum level of detection. Thus, more
confidence can be gained from the results received from a PAG blood pregnancy test when it is performed at
least 42 days after parturition.
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Figures

Figure 1. Regression analysis of gestational age on circulating concentrations of pregnancy-associated
glycoproteins (PAG) in heifers and cows. Each circle indicates an individual sample. The solid line is the
calculated regression line, the blue shaded area is the 95% confidence interval, and the dashed line is the 95%
prediction limit. Gestational age 30 and greater (P < 0.01; r2 = 0.3009).
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Figure 2. Increase of pregnancy-associated glycoproteins (PAG) concentrations among four different
gestational groups (1) < 30 d; 2) 30-90 d; 3) 91-180 d; 4) > 180 d) in heifers and cows. Regression analysis of
gestational age group on circulating concentrations of PAG. Each circle indicates an individual sample. The
solid line is the calculated regression line, the blue shaded area is the 95% confidence interval, and the dashed
line is the 95% prediction limit (P < 0.01; r2 = 0.2604).
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Figure 3. Effect of Group (A) and Age by Group (B) Interaction on PAG Concentrations. Mean (± SEM) serum
pregnancy-associated glycoprotein (PAG) among four different gestational groups (1) < 30 d; 2) 30-90 d; 3) 91180 d; 4) >180 d) of heifers and cows in figure A. Figure B, age represents heifers (dashed line) and cows
(solid line). Different superscripts a-c not sharing the same superscripts differ (P < 0.01). Different superscripts
d-g differ between groups within age not sharing the same superscript (P ≤ 0.01). Different superscripts H, I
represent values between age within group not sharing the same superscript differ (P ≤ 0.01). Superscript *
represents values tended to differ between gestational group (P = 0.06).
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Days Postpartum, d

Figure 4. Regression analysis of days postpartum (dpp) on circulating concentrations of pregnancy-associated
glycoproteins (PAG) in postpartum beef first-calf heifers and cows. Each circle indicates an individual sample.
The solid line is the calculated regression line, the blue shaded area is the 95% confidence interval, and the
dashed line is the 95% prediction limit (P < 0.01; r2 = 0.6708).
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Group, d

Figure 5. Regression analysis of group (7-day intervals) on circulating concentrations of pregnancy-associated
glycoproteins (PAG) in postpartum beef heifers and cows. Each circle indicates an individual sample. The solid
line is the calculated regression line, the blue shaded area is the 95% confidence interval, and the dashed line
is the 95% prediction limit (P < 0.01; r2 = 0.6748).
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Figure 6. Regression analysis of days postpartum (dpp) on circulating concentrations of pregnancy-associated
glycoproteins (PAG) in postpartum beef heifers and cows through d 50. Each circle indicates an individual
sample. The solid line is the calculated regression line, the blue shaded area is the 95% confidence interval,
and the dashed line is the 95% prediction limit (P < 0.01; r2 = 0.8173).
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Figure 7. Regression analysis of group (7-day intervals) on circulating concentrations of pregnancy-associated
glycoproteins (PAG) in postpartum beef heifers and cows through d 50. Each circle indicates an individual
sample. The solid line is the calculated regression line, the blue shaded area is the 95% confidence interval,
and the dashed line is the 95% prediction limit (P < 0.01; r2 = 0.8083).
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Figure 8. Overall clearance of PAG concentrations in postpartum beef cattle (A) and overall comparison
between age (B). Mean (± SEM) serum pregnancy-associated glycoprotein (PAG) concentration levels among
postpartum beef females (A). PAG concentration levels fall below the undetectable range by 42 dpp (optical
density (od) = 0.2636; A). Different superscripts a-h not sharing the same superscripts differ (P < 0.01; A).
Superscript * represents values tended to differ (P = 0.08; A). In beef cows and heifers there is no significant
difference found postpartum (P = 0.55; B).
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Comparison of lateral flow to other pregnancy
determination methods in order to determine
accuracy of pregnancy status in beef cattle pre and
postpartum
Adalaide C. Kline, Julie A. Walker, Taylor N. Andrews, Saulo Menegatti Zoca, Kaitlin M. Epperson, Lacey K.
Quail, Jaclyn N. Ketchum, Jerica J. J. Rich, Jim R. Rhoades, George A. Perry
Objective
The objective of this study was to compare the accuracy of multiple pregnancy-associated glycoproteins
(PAGs) tests to transrectal ultrasonography, and to determine how many days postpartum (dpp) is necessary
for the clearance of PAGs from the previous pregnancy to avoid false positives when utilizing the lateral flow
test.
Study Description
Blood samples were collected from six different Bos taurus herds between day 27 and 285 of gestation (heifers
n = 1,205 and cows n = 1,539). Blood samples to determine PAG clearance interval were collected weekly
postpartum for up to 12 weeks (heifers n = 418 and cows n = 657). Serum was tested using the lateral flow test
and were read by two technicians who were blind to pregnancy status. Level of agreement between the tests
were determined by Pearson’s correlation coefficients and Kappa scores. The MIXED procedure of SAS was
used to evaluate the effect of dpp and age (heifers or cows) on postpartum test results. There was a positive
correlation between transrectal ultrasonography and the lateral flow test (r 2 = 0.71; P < 0.01), and agreement
between the two tests was very good (Kappa = 0.84). Of the animals that were diagnosed nonpregnant by
transrectal ultrasonography, 5.61% were called pregnant by the lateral flow test. Of the animals diagnosed
pregnant by transrectal ultrasonography, 2.00% were called not pregnant by the lateral flow test. Thus, a
92.38% agreement occurred between the two methods. For postpartum samples, there was no effect (P =
0.21) of age, but there was an effect of dpp (P < 0.01) and a tendency for a dpp by age interaction (P = 0.06).
All animals were still considered pregnant from the previous pregnancy through 35 dpp (100 ± 2.58%). The
percentage of females receiving a false positive test result further decreased with time postpartum, by 77 dpp
there were 13.72 ± 3.16% of the females positive for pregnancy and at 84 dpp there were 4.11 ± 4.39%
positive for pregnancy detection.
Take Home Points
There is very good agreement between transrectal ultrasonography and the lateral flow PAG test, but if the test
is used at less than 40 dpp the likelihood of a false positive result is extremely likely. Thus, the test should be
utilized at least 42 dpp to prevent obtaining false positive results.
Introduction
Within a beef operation, there are reproductive management strategies that can be implemented to increase
the success of the breeding season: insemination of all cows towards the beginning of breeding season,
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detection of all nonpregnant cows as early as possible, and rebreed nonpregnant females as soon as possible
(Bó et al., 2016). In the United States, within large (≥ 200 cows) and small operations (≤ 50 cows) there are
21.9% and 69.6%, respectively, who do not use any type of reproductive technology, which include artificial
insemination, breeding soundness exam, pregnancy detection, and body condition scoring to name a few
(USDA, 2017). Time and labor were the most cited reasons for not implementing reproductive technologies
within an operation (USDA, 2017). In order to increase the percentage of operations that utilize a pregnancy
detection method and improve in their reproductive management strategies, the method needs to be accurate
and easy to use.
Annual cost (feed, fuel, and labor) to maintain a female ranges from $380 to $900 per head (USDA, 2009;
Gray et al., 2012), so without early pregnancy detection there could be monetary loss and missed opportunities
for management decisions regarding particular females that are not pregnant. Transrectal ultrasonography has
become the gold standard for pregnancy detection, as it can accurately determine pregnancy status as early
as d 26 post-insemination (Curran et al., 1986). There are, however, high incidences of pregnancy losses that
occur after d 25 of pregnancy (Kastelic et al., 1991; Perry and Cushman, 2016), so determination later in
gestation is beneficial to confirm pregnancy is maintained. Even though transrectal ultrasonography can
determine pregnancy early in gestation it requires specialized training, is physically demanding, and is costly,
which can deter the use of this method (Kastelic et al., 1991; Perry and Cushman, 2016).
Determining presence of pregnancy-associated glycoproteins is another pregnancy detection method that has
increased in popularity because it is easy to perform and is highly accurate (95 to 99%) with only a 1 to 5%
false positive rate (Pohler et al., 2016) compared to transrectal ultrasonography. Pregnancy-associated
glycoproteins increase in concentration throughout gestation, peak at parturition, and then decrease
postpartum (Sasser et al., 1986; Zoli et al., 1992; Green et al., 2005). Previous studies (Zoli et al., 1992;
Kiracofe et al., 1993) have reported that PAGs have a long half-life in circulation; thus, determining the
clearance of PAGs is essential to increasing the accuracy of the test by decreasing false positive rate due to
PAG concentrations from the previous pregnancy. Previously, a downside to PAG tests have included the time
and/or equipment needed to conduct the assay, which can impact the use or acceptance of this method. A new
method of pregnancy determination using PAGs has become commercially available (IDEXX Alertys OnFarm
Pregnancy Test), which is a chute side test with results within 20 minutes. Therefore, the objective of this study
was to determine if the IDEXX Alertys OnFarm Pregnancy Test is comparable to other pregnancy detection
methods in accuracy, and to determine when concentrations have cleared post calving to prevent false positive
results.
Experimental Procedures
Experimental Design
Blood samples from six different Bos taurus herds in the state of South Dakota were utilized in this study.
Pregnancy detection was performed by transrectal ultrasonography between 30- and 75-days postinsemination in all animals.
Blood Sampling
Blood samples [(heifers n = 1,205 and cows n = 1,539) and postpartum n = 1,066] were collected over a threeyear period (2018, 2019, and 2020). Postpartum samples were collected from one group of animals (heifers n
= 48 and cows n = 66) and were collected once a week for up to 12 weeks post calving (range of first and last
sample was 1-7 to 84-91 days postpartum; dpp). All blood samples were collected from either the tail or jugular
vein into 10-mL Vacutainer tubes (Becton, Dickinson and Company, Franklin Lakes, NJ) and stored at room
temperature (20 °C) for approximately two hours until centrifuged. Samples were centrifuged at 2,000 x g for
30 min for serum collection and stored at -20 °C until testing.
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Ultrasonography
All animals were evaluated for pregnancy by transrectal ultrasonography by a trained technician with an Ibex
EVO ultrasound and linear probe on d 28 following their first insemination. Pregnancy diagnosis was based on
the visualization of a fetus or absence of one. A final pregnancy diagnosis occurred between 31 and 80 d
following the end of the breeding season to determine if embryonic loss occurred.
IDEXX Alertys OnFarm Pregnancy Test (lateral flow)
Samples were tested using commercially available blood pregnancy test, IDEXX Alertys OnFarm Pregnancy
Test (IDEXX, Westbrook, ME) according to the manufacturer’s directions. Briefly, 150 μL of serum or plasma
was pipetted into the well of the lateral flow test followed by 25 μL of chase buffer. After waiting 20 min the
tests were read by the same two technicians that were blind to ultrasonography pregnancy status.
Interpretation of IDEXX Alertys OnFarm Pregnancy Test with one line visible indicates the female was not
pregnant, while two visible lines means the female was pregnant at time of blood sample (Figure 1).
IDEXX Alertys Rapid Visual Pregnancy Test (RVPT)
Whole blood samples were collected on d 28 and tested using the commercially available blood pregnancy
test, IDEXX Alertys Rapid Visual Pregnancy Test (IDEXX, Westbrook, ME) according to the manufacturer’s
directions. Briefly, positive/negative controls, and whole blood samples were pipetted into coated plates, and
plates were washed and treated with reagents according to the manufacturer’s instructions. Visual evaluation
of the plates based on a numerical scale, established by color intensity were made upon completion of the
procedure by one technician. Color intensity evaluation and description was according to Northrop et al.
(2019). The scoring system included a yes/no assignment and numerical value from 0 - 3 based on color in
comparison to the controls.
IDEXX Alertys Ruminant Pregnancy test (RPT)
Samples were tested using the commercially available blood pregnancy test, IDEXX Alertys Ruminant
Pregnancy Test (IDEXX, Westbrook, ME) according to the manufacturer’s directions. Briefly, controls and
blood samples were pipetted in duplicate into wells of the coated plates, and plates were washed and treated
with reagents according to the manufacturer’s instructions. The results from the RPT were analyzed on a
Molecular Devices SpectraMax 190 microtiter plate reader (San Jose, California).
Statistical Analysis
Samples were analyzed as a correlation coefficient using the CORR procedure of SAS (9.4) to assess the
agreement between tests: ultrasound, RVPT, RPT and lateral flow in the model. Since all variables had a
significant correlation between tests further analysis was made using the FREQ procedure in SAS evaluating
the frequency between each one comparatively to each other. The Kappa scoring scale is as follows: 0.80 1.00 = Very good, 0.60 - 0.80 = Good, 0.40 - 0.60 = Moderate, 0.20 - 0.40 = Fair, and < 0.20 = Poor. Statistical
significance was considered at P ≤ 0.05 and a tendency at 0.05 < P ≤ 0.10 for analysis.
Results and Discussion
Agreement based on Kappa scores was very good amongst all tests in the study (Table 1). Additionally, there
was a positive correlation among all tests (Table 2).
Of the 1,096 animals that were diagnosed nonpregnant by transrectal ultrasonography, 5.61% were diagnosed
pregnant by the lateral flow test. Of the 1,648 animals diagnosed pregnant by transrectal ultrasonography,
2.00% were diagnosed nonpregnant by the lateral flow test. Thus, an 92.38% agreement occurred between the
two methods (Table 3). In comparison the RPVT had a 90.73% agreement and the RPT had a 92.61%
agreement with transrectal ultrasonography (Table 3).
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Comparisons were also made between the lateral flow test and the two other IDEXX blood tests to determine
accuracies amongst the tests. Of the 816 animals that were diagnosed nonpregnant by the RVPT, 3.56% were
called pregnant by the lateral flow test, and the 644 animals diagnosed as pregnant by RPVT, 1.37% were
called nonpregnant by the lateral flow test. Thus, a 95.07% agreement occurred between RVPT and lateral
flow (Table 3). Lastly, the 724 animals that were diagnosed as nonpregnant by RPT, 1.31% were called
pregnant by lateral flow test. Of the 1,636 animals diagnosed as pregnant by RPT, 2.46% were called
nonpregnant by the lateral flow test. Thus, 96.22% agreement occurred between RPT and lateral flow test
(Table 3).
For postpartum samples utilizing the lateral flow test, there was not a difference (P = 0.21) in age, but there
was an effect of dpp (P < 0.01) and a tendency for a dpp by age interaction (P = 0.06). All animals regardless
of age were still considered pregnant from the previous pregnancy through 35 dpp (100 ± 2.58%), whereas by
42 dpp, 98.16 ± 2.55% were considered pregnant (Figure 2.A). The percentage of females receiving a false
positive test result further decreased with time postpartum. By 77 dpp, there were 13.72 ± 3.16% of the
females positive for pregnancy, and at 84 dpp, there were 4.11 ± 4.39% positive for pregnancy (Figure 2.A).
The detection of false positives rapidly decreased from 42 to 70 dpp then slowly decreased from 70 to 84 dpp
(Figure 2.A). There was a tendency for an age by dpp interaction (P = 0.06; Figure 2.B). Between 63 to 77 dpp
there was a greater decrease in false positives among heifers compared to cows (at 77 dpp 5.12 ± 4.26% and
22.31 ± 4.67%; respectively). At 84 dpp 4.66 ± 6.03% of cows and 3.56 ± 6.38% of heifers were still
considered pregnant (Figure 2).
Implications
The utilization of the IDEXX Alertys OnFarm Pregnancy Test, lateral flow, is a competitive alternative in
pregnancy detection compared to the gold standard transrectal ultrasonography with a 92.38% agreement
comparison in postpartum females. Of the three IDEXX Laboratories tests available, the lateral flow test is the
most user-friendly method. Additionally, it provides the tools necessary for performing the test included in the
kit once the blood has been collected. With the exception of transrectal ultrasonography where the pregnancy
detection results are immediate, the time required for results from the lateral flow compared to the other two
PAG pregnancy tests is shorter and does not require any specialized training or equipment. Caution should be
used with the utilization of the lateral flow test postpartum in either heifers or cows until at least 70 dpp due to
the remaining residual PAGs. Thus, allowing 30 dpp for uterine involution to occur before breeding a female
then testing females for pregnancy status should be performed at least an additional 40 dpp (or d 40 of
gestation) to decrease the amount of false positive results.
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Tables
Table 1. Agreement between Transrectal Ultrasonography (Ultrasound), IDEXX Alertys Rapid Visual (RVPT),
IDEXX Alertys Ruminant Pregnancy test (RPT), and IDEXX Alertys OnFarm Pregnancy Test (Lateral Flow) to
determine accuracy of pregnancy detection. Values depicted above the diagonal line are the Kappa scores,
while values below the diagonal are the overall agreement of the tests based on the Kappa score. The Kappa
scoring scale is: 0.80 - 1.00 = Very good, 0.60 - 0.80 = Good, 0.40 - 0.60 = Moderate, 0.20 - 0.40 = Fair, and <
0.20 = Poor.
Test

Ultrasound

Ultrasound

RVPT

RPT

Lateral Flow

0.8108

0.8344

0.8388

0.9472

0.9005

RVPT

very good

RPT

very good

very good

Lateral Flow

very good

very good
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0.9122
very good

Table 2. Correlation between Transrectal Ultrasonography (Ultrasound), IDEXX Alertys Rapid Visual (RVPT),
IDEXX Alertys Ruminant Pregnancy test (RPT), and IDEXX Alertys OnFarm Pregnancy Test (Lateral Flow) to
determine accuracy of pregnancy detection. Values depicted above the diagonal line is the correlation
coefficient of the tests, while values below the diagonal are the P-values of all the tests. A positive correlation
and significant difference were found amongst the tests in comparison to each other.
Test

Ultrasound

Ultrasound

RVPT

RPT

Lateral Flow

0.81311

0.83856

0.84126

0.94739

0.90138

RVPT

< 0.0001

RPT

< 0.0001

< 0.0001

Lateral Flow

< 0.0001

< 0.0001
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0.91257
< 0.0001

Table 3. Agreement between pregnancy detection tests to determine accuracy amongst tests.
Test1

Agreement, %

False Positive2, %

False Negative3, %

Samples, n

Ultrasound4:Lateral Flow5

92.38

5.61

2.00

2,744

Ultrasound4:RVPT6

90.73

6.46

2.80

1,533

Ultraound4:RPT7

92.61

5.91

1.48

2,436

RVPT6:Lateral Flow5

95.07

3.56

1.37

1,460

RPT7:Lateral Flow5

96.22

1.31

2.46

2,360

RPVT6:RPT7

97.36

1.80

0.83

1,443

1

Comparison between tests first:second
False Positive = a result that shows a female is pregnant when she is actually non-pregnant
3
False Negative = a result that shows a female is non-pregnant when she is actually pregnant
4
Ultrasound = transrectal ultrasonography
5
Lateral Flow = IDEXX Alertys OnFarm Pregnancy Test
6
RVPT = IDEXX Alertys Rapid Visual Test
7
RPT = IDEXX Alertys Ruminant Pregnancy Test
2
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Figures

Figure 1. Alertys Ruminant OnFarm Pregnancy Test (Lateral Flow). Test on the left is a test result for a
pregnant female, while the test on the right is a test result for a nonpregnant female. There should always be a
control line visible indicated by the “C”, unless the test is defective, which in that case rerun that sample on a
new test. If a line is visible on the test line indicated by a “T” then the female is pregnant, while no visible line
then the female is nonpregnant.
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Figure 2. False positive percentage of days postpartum (A) and age (B) on clearance utilizing the lateral flow
test. Postpartum samples were analyzed by the IDEXX Alertys OnFarm Pregnancy Test, lateral flow, to
determine an accurate timeframe to test pregnant females without getting a false positive test from the residual
pregnancy-associated glycoproteins (PAGs) from the previous pregnancy. There was a significant effect of dpp
(P < 0.01; A). All animals were still considered pregnant from the previous pregnancy on 35 dpp (100%; A).
Days postpartum by age tended to be different (P = 0.06; B).
a-f values not sharing the same superscripts differed P < 0.05
*† values not sharing the same superscripts differed P ≤ 0.08
‡§ values not sharing the same superscripts differed P ≤ 0.07
# values between cows and heifers between 63 to 77 dpp differed P < 0.05
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Use of sperm in vitro capacitation and flow
cytometry to estimate bull fertility
Saulo Menegatti Zoca, Thomas W. Geary, Abigail L. Zezeski, Karl C. Kerns, Joseph C. Dalton, Bo R. Harstine,
Matthew D. Utt, Robert A. Cushman, Julie A. Walker, George A. Perry
Objective
The objectives of this study were to evaluate whether motility or flow cytometric analyses after induced
capacitation was related to field fertility, and to characterize whether CD9 on sperm could be used as a fertility
biomarker.
Study Description
Frozen-thawed semen from five bulls previously identified as high (48.1% and 47.7%, bulls A and B,
respectively), intermediary (45.5%, bull C) or low (43.1% and 40.7%, bulls D and E, respectively) fertility,
based on pregnancy per AI, were evaluated with several laboratory measures. Measures included total motility,
sperm plasma membrane integrity (viability), acrosome integrity, reactive oxygen species (ROS), mitochondrial
membrane energy potential (mito-potential), zinc signatures (signatures 1 to 4), and CD9 protein populations at
pre-wash, post-wash, h 0 (diluted with non-capacitation media), and at 0, 3, 6, and 24 h after dilution with
capacitation media and incubation at 37 ºC. Data were analyzed using the GLIMMIX procedure of SAS for
repeated measures with bull, time, and the interaction as fixed effects. Bull by time interaction was significant
(P ≤ 0.01) for total motility and viability. There tended (P = 0.06) to be a bull by time interaction for zinc
signatures 1 + 2 combined. There was a significant effect of bull (P ≤ 0.03) for viability, viable sperm with
disrupted acrosome, zinc signatures 1, 2, and 1 + 2, viable CD9- (CD9 negative), and dead CD9+ (CD9
positive). High and intermediary field fertility bulls had greater (P ≤ 0.04) percentages of viable sperm, zinc
signature 2, and zinc signature 1 + 2 compared to low fertility bulls. High and intermediary fertility bulls had
decreased (P ≤ 0.05) percentage of dead CD9+ compared to low fertility bulls. There was or tended to be a
positive correlation between pregnancy per AI and viability (P = 0.10; r = 0.81), zinc signature 2 (P = 0.04; r =
0.89), and zinc signature 1 + 2 (P = 0.10; r = 0.80).
Take Home Points
In summary, these measures of zinc signatures 2 and 1 + 2 combined, and dead CD9+ provide promising
measures to estimate field fertility differences amongst bulls. These results may help the AI industry improve
bull selection and improve overall bull fertility which has the potential to improve overall beef cattle reproductive
performance. The value of these measures has not yet been assessed in fresh semen ejaculates from bulls.
Introduction
Bull fertility is an important factor in herd fertility and can impact overall pregnancy rates. Bull fertility is
commonly evaluated through a breeding soundness exam (BSE); however, even among bulls that pass a BSE
and/or AI quality control analysis in commercial AI semen service centers, it is not possible to guarantee that
bulls will have high fertility (DeJarnette, 2005). In order to complete fertilization, sperm must have normal
morphology, progressive motility, intact membranes (e.g., acrosome and plasma membrane), stable DNA, and
the ability to undergo capacitation (Rodriguez‐Martinez, 2003; Saacke, 2008; Vincent et al., 2012; Garner,
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2014). An ejaculate is a heterogeneous population of sperm; thus, it is normal for some sperm to display
undesirable characteristics, but for a bull to have high fertility, it is important that a great proportion of the
ejaculate has these desirable characteristics. Concentration and type of undesirable characteristics will
determine, to some extent, the fertility of the ejaculate. Overcoming some inseminate problems can occur by
increasing the insemination dose (number of viable sperm in a straw; Saacke et al., 1994) which is controlled
by AI companies.
In order to undergo capacitation, sperm must reside in the female reproductive tract for approximately 6 h;
however, it can be induced in vitro (Austin, 1951; Chang, 1951; Parrish et al., 1986; Parrish et al., 1988).
Several methods of measuring sperm capacitation have been developed (reviewed by Gillan et al., 2005).
More recently intracellular zinc ions were utilized to determine sperm capacitation status through changes in
zinc signatures and were also associated with boar fertility (Kerns et al., 2018). The ability of sperm to undergo
capacitation may vary among bulls and may also affect fertility. Several proteins have also been demonstrated
to be involved with sperm/egg adhesion or fusion in mice, including the protein CD9 (Toshimori et al., 1998;
Kaji et al., 2000; Le Naour et al., 2000; Miyado et al., 2000; Manandhar and Toshimori, 2001; Inoue et al.,
2005; Rubinstein et al., 2006; Ito et al., 2010; Satouh et al., 2012; Bianchi et al., 2014). Bovine gametes also
contain CD9 (Zhou et al., 2009; Antalíková et al., 2015) and it is possible that bovine sperm CD9 is involved
with bull fertility. The objectives of this study were to evaluate whether motility or flow cytometric analyses after
induced capacitation was related to field fertility, and to characterize whether CD9 on sperm could be used as
a fertility biomarker.
Experimental Procedures
Experimental design
Semen from five bulls with known field fertility as evaluated in two research trials (Richardson et al., 2017;
Zoca et al., 2020) were used in this study. Bulls were previously identified as high (48.1% and 47.7%, bulls A
and B, respectively), intermediary (45.5%, bull C), or low (43.1% and 40.7%, bulls D and E, respectively)
fertility, based on pregnancy per AI (P/AI; approximately 1,000 AI per bull) previously reported. Semen was
thawed in a water bath (37 ºC), an aliquot was removed for pre-wash analysis, and the remaining sample was
diluted with a non-capacitation media and centrifuged (500 x g for 10 min). After centrifugation supernatant
was removed and the sperm pellet was resuspended in approximately 200 µL of non-capacitation media, an
aliquot was removed for post-wash analysis. Sperm samples were then diluted to a constant 17 million sperm
per mL in capacitation media, except for a small aliquot diluted to 17 million sperm per mL in non-capacitation
media (used for a time 0 h baseline analysis). Sperm samples were evaluated for motility and flow cytometry at
pre- and post-wash (sperm motility only), 0 h (non-capacitation media), 0, 3, 6, and 24 h (capacitation media).
In vitro Capacitation
In vitro capacitation was induced as previously described by Kerns et al. (2018). Semen was always
maintained at 37 °C except during centrifugation and assay specific temperatures. Aliquots of semen were
removed at each time point (pre-wash, post-wash, 0 in non-capacitation media, 0 in capacitation media, 3, 6,
24 h) for analyses. All samples were analyzed in duplicate, and the average of the duplicates was used for
statistical analyses.
Semen Analyses
Analysis of sperm motility was performed using a computer assisted sperm analysis (CASA) system; samples
were evaluated for sperm concentration (post-wash only for sperm dilution) and total motility. All flow
cytometric assays were performed with a Guava EasyCyte 5HT (IMV Technologies, France) flow cytometer;
data acquisition and analyses were performed using the GuavaSoft software (version 1.0; IMV Technologies).
A total of 5,000 cells per duplicate were analyzed. Samples were evaluated for plasma membrane integrity
(viability) and acrosome integrity [percentage of viable sperm with intact acrosome (viable intact) or disrupted
acrosome (viable disrupted) and disrupted sperm plasma membrane (dead) with intact acrosome (dead intact)
or disrupted acrosome (dead disrupted)]. Reactive oxygen species (ROS) in sperm were measured to
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determine the ability of sperm to withstand oxidative stress with EasyKit 3 (IMV Technologies) following
manufacturer’s procedures. Results for ROS were expressed as a percentage of viable ROS+, viable ROS-,
dead ROS+, and dead ROS-. The main population of interest in this assay was the viable sperm with the ability
to withstand oxidative stress (viable ROS+), and it is worth noting that this was a 3-hour assay. Mitochondrial
membrane potential (mito-potential) was evaluated as a measure of energy potential of sperm and results were
expressed as percentage of sperm with high mito-potential.
Sperm zinc signatures are a measure of sperm capacitation and have been characterized in human, boar, and
bovine by Kerns et al. (2018). The zinc signature assay used here was adapted from Kerns et al. (2018). Zinc
signature results were expressed as percentage of sperm with signature 1 (viable non-capacitated sperm with
high intracellular zinc and high fertility potential), signature 2 (viable sperm in the process of capacitation with
low intracellular zinc and high fertility potential), signature 3 (dead and capacitated sperm with high intracellular
zinc in the mitochondrial sheath or the acrosome region or both, and no fertility potential), and signature 4
(dead sperm without zinc and no fertility potential). For CD9 evaluation, anti-CD9 antibody (mouse anti-bovine,
IVA50, monoclonal, Invitrogen, Waltham, MA) was conjugated to fluorescein isothiocyanate [FITC conjugation
kit (fast) – lightning-link, ab188285, ABCAM, United Kingdom]. Samples were diluted with bNCM, and
incubated with anti-CD9/FITC and propidium iodide (PI) for 1 h at 37 °C (adapted from Antalíková et al., 2015).
The results for CD9 evaluation included the following populations viable CD9+, dead CD9+, viable CD9-, dead
CD9-.
Statistical Procedures
Total motility and flow cytometry measures [viability, acrosome integrity, ROS, mito-potential, zinc signatures
and combination of signature 1 and 2 (signature 1 + 2), and CD9 protein] were evaluated with the GLIMMIX
procedure of SAS (9.4) for repeated measures with bull, time and the interaction as fixed effects. The
correlation between overall bull effect least square mean and P/AI reported by Zoca et al. (2020) were
evaluated using the CORR procedure of SAS. Results are presented as mean ± SE. Statistical difference was
defined as P ≤ 0.05 and when P > 0.05 but P ≤ 0.10 the results were considered as tendency.
Results and Discussion
It is well established that females must conceive in the first 21-d of the breeding season to achieve their
maximum fertility potential and maximize profitability. A delay in conception will lead to decreased longevity in
the herd, will hinder calf weaning weight, and overall production (Cushman et al., 2013). To conceive early in
the breeding season and maintain a pregnancy, females must be cyclic, in good body condition, and on a
positive plane of nutrition; however, bull fertility also plays an important role. A BSE is essential for selection of
highly fertile bulls that will contribute to early conception in a breeding season (Barth, 2018); however, passing
a BSE does not guarantee high fertility. Thus, the study of semen characteristics that can better predict bull
fertility is necessary. In the present study, semen from two studies (Richardson et al., 2017; Zoca et al., 2020)
were analyzed to evaluate the effect of inducing capacitation in vitro and the ability to estimate differences
between bulls with different fertility classifications.
An ejaculate is composed of a heterogeneous population of sperm, and fertility is multifactorial (Rodriguez‐
Martinez, 2003). Amann and Hammerstedt (1993) suggested that an ejaculate or inseminate must have
“enough” of all necessary sperm characteristics to reach a high level of fertility. In the present study, the
difference between bulls (overall effect of bull) for acrosome integrity results were significant (P < 0.01) for
viable disrupted and dead disrupted, tended to be significant for viable intact (P = 0.06), and were not
significant (P = 0.12) for dead intact. Reactive oxygen species results were not different between bulls (P ≥
0.25) for viable ROS+, viable ROS-, and dead ROS+, and it was significantly different between bulls for dead
ROS- (P < 0.01). There were also no differences between bulls for mito-potential. Even though some of the
results for acrosome integrity, ROS, and mito-potential were different between bulls, they did not have an
association with field fertility of the bulls evaluated. Similarly, bull by time interaction for those sperm
characteristics was not able to estimate bull fertility differences. It has been reported that acrosome integrity,
ROS, and mito-potential were associated or correlated with bull fertility (Oliveira et al., 2014; Kumaresan et al.,
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2017; Bernecic et al., 2021). One difference between studies is the range in fertility among bulls tested. Thus, it
is possible to conclude that fertility of bulls in this study were not limited by acrosome integrity, ROS, or mitopotential.
The present study was able to detect differences (P ≤ 0.05) between bulls at pre-wash with total motility
analysis (Fig. 1), at 0 h when diluted in a non-capacitation media with viability analysis (Fig. 2), and at 0 h
when diluted in a capacitation media with zinc analysis, more specifically zinc signature 1 + 2 combined (Fig.
3). These analyses and time points were statistically different and were able to estimate differences in fertility
between bulls. In these analyses and time points, respectively, bulls classified as high fertility (A and B) and
bulls classified as intermediary fertility (C) had a greater proportion of total motility, viability, and zinc signature
1 + 2 combined compared to bulls classified as low fertility (D and E). When all time points were evaluated
(overall bull effect; table 1), high and intermediary fertility bulls had a greater proportion of viable sperm (P <
0.01; viability assay), zinc signature 2 (P < 0.01), and zinc signature 1 + 2 (P < 0.01) compared to low fertility
bulls. Also, the proportion of dead CD9+ was lower (P < 0.01) in high and intermediary fertility bulls compared
to low fertility bulls (Table 1). The correlation between sperm parameters and fertility has been extensively
studied, motility has been reported to have a moderate correlation (r = 0.58; Farrell et al., 1998), while viability
has been reported to have a weak correlation (r ≤ 0.20; Alm et al., 2001; DeJarnette et al., 2021) to a moderate
correlation (0.40 < r < 0.70; Januskauskas et al., 2001; 2003; Anzar et al., 2002; Christensen et al., 2005) to a
strong correlation (r ≥ 0.85; Anzar et al., 2002; Kumaresan et al., 2017). We observed an association between
field fertility and viability, zinc signature 2, zinc signature 1 + 2, and dead CD9+ among bulls. When
correlations were evaluated, there was or tended to be a strong positive correlation between field fertility and
viability (P = 0.10; r = 0.81), zinc signature 2 (P = 0.04; r = 0.89) and zinc signature 1 + 2 (P = 0.10; r = 0.80);
however, dead CD9+ did not correlate with fertility (P = 0.20; r = -0.68). Although percent dead ROS- did not
estimate fertility differences between bulls, dead ROS- was negatively correlated with field fertility (P = 0.03; r =
-0.91). There was no correlation between field fertility and other sperm parameters evaluated (P > 0.10).
In conclusion, measures of viability, zinc signature 2, zinc signature 1 + 2 and dead CD9+ in capacitation
media provided estimates of bull fertility. Also, total motility at pre-wash, viability at 0 h in non-capacitation
media, and zinc signature 1 + 2 at 0 h in capacitation media were able to estimate field fertility differences
between bulls.
Implications
The inclusion of a viability, a zinc signature, or a CD9 protein assay in AI studs’ quality control measurements
may have the potential to predict bull fertility; however, a larger number of bulls with known fertility need to be
evaluated to validate these results. CD9 protein appears to be a promising biomarker of bull fertility; however,
more research is necessary to confirm these results.
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Tables
Table 1. Effect of bull on sperm total motility, plasma membrane integrity (viability), acrosome integrity (viable
intact, viable disrupted, dead intact, dead disrupted), reactive oxygen species (ROS; viable ROS+, viable ROS,
dead ROS+, dead ROS-), mitochondrial membrane energy potential (mito-potential), zinc signatures (zinc
signature 1, 2, 3, 4, and 1 + 2) and CD9 populations (viable CD9+, viable CD9-, dead CD9+, and dead CD9-).
Variable, %
Bull A
Bull B
Bull C
Bull D
Bull E
SEM1
P-value
Total motility
10.0
9.1
9.1
8.7
8.5
2.7
0.98
a
a
b
a
b
Viability
23.2
26.8
16.9
24.3
13.6
2.9
< 0.0001
Viable intact
46.3a
32.1b¶
33.3b¶
44.4ab*
33.7b¶
4.6
0.06
a*
a
a*
a¶
b
Viable disrupted
3.6
3.5
3.8
2.6
1.2
0.5
< 0.0001
Dead intact
26.3
31.5
28.0
26.2
22.1
3.1
0.12
c
b
b
c
a
Dead disrupted
22.2
33.1
33.8
25.4
42.3
2.3
< 0.0001
Viable ROS+
22.8
26.6
20.6
20.1
16.5
4.3
0.25
Viable ROS20.2
10.6
13.3
19.2
18.0
4.1
0.38
Dead ROS+
3.3
3.5
3.2
3.2
3.0
0.5
0.89
b
ab
a
ab
a
Dead ROS49.1
55.4
62.5
54.8
58.8
3.9
0.03
Mito-potential
29.7
30.8
28.4
31.4
22.6
3.7
0.15
2
b
a
a
b
c
Zinc Signature 1
2.4
4.7
4.9
2.8
1.0
0.8
< 0.0001
3
a
a
b
a
b
Zinc Signature 2
18.3
17.4
9.9
18.9
10.5
2.4
0.001
4
Zinc Signature 3
51.7
54.1
52.3
52.6
52.6
6.0
0.99
5
Zinc Signature 4
19.8
19.5
24.3
22.6
29.1
7.0
0.64
6
a
a
b
a
b
Zinc Signature 1 + 2
21.4
23.1
14.8
22.7
11.5
2.6
< 0.0001
a
a
a
ab*
b¶
Viable CD9+
4.3
4.0
3.3
3.3
1.6
0.8
0.06
a
ab¶
b
a*
b
Viable CD939.5
32.2
26.7
44.4
28.5
5.0
0.02
d
c
b
d
a
Dead CD9+
20.3
26.4
33.0
20.5
43.0
1.9
< 0.0001
Dead CD933.6
35.8
36.2
30.0
26.1
4.0
0.17
1
SEM = Standard error of the means
2
Zinc signature 1 = viable non-capacitated sperm with high intracellular zinc
3
Zinc signature 2 = viable sperm in the process of capacitation with low intracellular zinc
4
Zinc signature 3 = dead and capacitated sperm with high intracellular zinc in the mitochondrial sheath or
the acrosome region or both
5
Zinc signature 4 = dead sperm without zinc
6
Zinc signature 1 + 2 = combination of signature 1 and signature 2
a-d
Values within a row with different superscripts P ≤ 0.05
*¶
Values within a row with different superscripts P ≤ 0.10
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Figures

Figure 1. Percentage of total motility per bull at each time point incubated in capacitation media. There was a
bull by time interaction (P < 0.01). Bulls A and B were classified as high fertility, bull C as intermediary fertility,
and bulls D and E were classified as low fertility. At 0 h samples were evaluated in a non-capacitation media (0
h) and in a capacitation media (0 CM).

Figure 2. Percentage of viable sperm from the viability assay per bull at each time point incubated in
capacitation media. There was a bull by time interaction (P < 0.01). Bulls A and B were classified as high
fertility, bull C as intermediary fertility, and bulls D and E were classified as low fertility. At 0 h samples were
evaluated in a non-capacitation media (0 h) and in a capacitation media (0 CM).
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Figure 3. Percentage of zinc signature 1 + 2 sperm from the zinc signature assay per bull at each time point
incubated in capacitation media. There tended to be a bull by time interaction (P = 0.06). Bulls A and B were
classified as high fertility, bull C as intermediary fertility, and bulls D and E were classified as low fertility. At 0 h
samples were evaluated in a non-capacitation media (0 h) and in a capacitation media (0 CM).
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Relationship of DAG1 and SERPINA5 sperm
proteins with bull fertility
Saulo Menegatti Zoca, Julie A. Walker, Jerica J. J. Rich, Kaitlin M. Epperson, Taylor N. Andrews, Adalaide C.
Kline, Jessica Nora Drum, M. Sofia Ortega, and George A. Perry
Objective
The first objective of these studies was to characterize DAG1 and SERPINA5 immunolocalization on bovine
sperm and their potential as fertility markers by evaluating variability within and amongst bulls. The second
objective was to investigate the relationship of DAG1 and SERPINA5 with field fertility (sire conception rate;
SCR), in vitro fertility (in vitro embryo production), and sperm parameters.
Study Description
Semen from 22 dairy bulls was used to evaluate the presence, localization, and quantification of DAG1 and
SERPINA5 on sperm. Sperm motility parameters and viability was also evaluated for semen from each bull.
Semen from 19 out of the 22 dairy bulls was used for in vitro embryo production (two Low-SCR and one HighSCR were not available for in vitro embryo production). Bulls were classified based on their sire conception
rates (SCR) values as High-SCR (SCR > 1.0) or Low-SCR fertility (SCR < -4.0). Low fertility bulls were
subdivided based on their blastocyst rate (BL) as High-BL (Low-SCR/High-BL BL ≥ 31%) or Low-BL (LowSCR/Low-BL BL ≤ 26%), and High-SCR bulls were not subdivided. The GLM procedure in SAS was used with
bull as a fixed effect to determine if variance was greater between bulls compared to within bull. Correlations
were determined among DAG1 and SERPINA5 concentrations, percentage of tail labeled for SERPINA5, SCR,
sperm total motility, progressive motility, and viability, and in vitro embryo produced cleavage rate (CL) and BL.
The GLIMMIX procedure of SAS was used to evaluate the relationship of bull field fertility (High- and LowSCR), and field and in vitro fertility (High-SCR, Low-SCR/High-BL, Low-SCR/Low-BL) classifications with
sperm total (TMOT) and progressive (PROG) motility, viability, CL, BL, DAG1 and SERPINA5 relative
concentration, and proportion of sperm tail labeled for SERPINA5. Both SERPINA5 and DAG1 were localized
on the sperm head; however, SERPINA5 was also localized on the sperm tail. There was greater variance in
concentration among bulls compared to within bull for both DAG1 (P < 0.01; 69.4 vs 49.1, respectively) and
SERPINA5 (P < 0.01; 325.8 vs 285.4, respectively). There was a positive correlation between concentration of
DAG1 and SERPINA5 (P = 0.01; r = 0.54). Concentrations of SERPINA5 were also correlated with CL (P =
0.04; r = 0.48), and percentage of sperm tail labeled for SERPINA5 was correlated with viability (P = 0.05; r =
0.44) and tended to be correlated with CL (P = 0.10; r = 0.39). There was no relationship between SCR or BL
rate classifications and DAG1 (P ≥ 0.66), SERPINA5 (P ≥ 0.54), or percentage of sperm tail labeled for
SERPINA5 (P ≥ 0.48).
Take Home Points
Proteins DAG1 and SERPINA5 are associated with cell-to-cell interactions and were localized on the bovine
sperm head, also, SERPINA5 was localized on the sperm tail. Sperm relative concentration for both proteins
were correlated to each other and SERPINA5 was correlated with CL. The percentage of sperm tail labeled for
SERPINA5 was correlated with CL and sperm viability; however, proteins were not associated with bull field
fertility measured by SCR. Thus, SERPINA5 may be related with sperm protection and/or oocyte fertilization
while DAG1 may be related to sperm transport or formation of the sperm reservoir in the oviduct.
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Introduction
After differentiation, sperm lose the ability to grow, divide, repair, and synthesize proteins, and have limited
metabolic function (Hammerstedt, 1993). After spermiation, sperm are stored in the tail of the epididymis in a
dormant state until ejaculation (Acott and Carr, 1984; Carr and Acott, 1984; Barth and Oko, 1989). Upon
ejaculation, epididymal sperm are diluted with seminal plasma from accessory sex glands and motility is
initiated (Acott and Carr, 1984; Carr and Acott, 1984). Sperm with fertilizing ability reach the oviduct
approximately 6-12 h after insemination, populate the isthmus portion of the oviduct and form the sperm
reservoir (Hunter and Wilmut, 1984; Wilmut and Hunter, 1984; Lefebvre et al., 1995). Sperm that bind to
oviductal cells have prolonged motility and fertilization ability (~30 h) compared to sperm suspended in the
media (Pollard et al., 1991). Cell-to-cell interactions (i.e. sperm to oviduct and sperm to oocyte) are mediated
through proteins; thus, these interactions are important for successful fertilization. The sperm’s apical surface
binds to oviductal isthmus and ampullary ciliated cells (Pollard et al., 1991; Lefebvre et al., 1995) and Binder of
Sperm Proteins (BSP) have been reported to be involved with sperm reservoir formation (Ignotz et al., 2001;
Gwathmey et al., 2003; 2006). There are only a few proteins known to be required for fertilization, and include
CD9 (Kaji et al., 2000; Le Naour et al., 2000; Miyado et al., 2000) and JUNO (Bianchi et al., 2014) on the egg,
and IZUMO1 on the sperm (Inoue et al., 2005). Other proteins have been identified to be associated with
mammalian fertility, but not required (see review by Sutovsky, 2009).
Previous research from our laboratory identified that DAG1 and SERPINA5 were present and loosely attached
to ejaculated sperm, but they were not present on epididymal sperm, thus they coated the sperm when it was
diluted with seminal plasma. The presence of DAG1 has been reported in seminal plasma but not on human
sperm (Jodar et al., 2016). Beta-dystroglycan has been reported to be localized to the tail middle piece of
guinea pig sperm (Hernández-González et al., 2001) and the post-acrosomal region and middle piece of
mouse sperm (Hernández-González et al., 2005). The gene SERPINA5 encodes the plasma serine protease
inhibitor. This protein is also known as serpin family A member 5, protein C inhibitor, and others. The presence
of SERPINA5 protein has been reported in many body fluids, including plasma (blood), seminal plasma,
follicular fluid, amniotic fluid, milk, and others (Laurell et al., 1992). In double knockout mice for SERPINA5,
females were fertile, and males were infertile in both in vitro (0.5% pregnancy) and in vivo (0% pregnancy)
experiments. Also, sperm motility (12.5% motility) and the percentage of morphologically normal sperm (5%
normal morphology) were decreased in double knockout mice (Uhrin et al., 2000). Similarly, SERPINA5
concentrations were decreased in infertile men with normal sperm motility compared to fertile men (Panner
Selvam et al., 2019). Nevertheless, in men, SERPINA5 has been localized to the sperm head (Zheng et al.,
1994; Elisen et al., 1998). Thus, the first objective of these studies was to characterize DAG1 and SERPINA5
immunolocalization on bovine sperm and their potential as fertility markers by evaluating variability within and
amongst bulls. The second objective was to investigate the relationship of DAG1 and SERPINA5 with field
fertility (sire conception rate; SCR), in vitro fertility (in vitro embryo production), and sperm parameters.
Experimental Procedures
Experimental design
Dairy bulls (n = 22) with different SCR values, ranging from -7.7 to 4.45, were classified as High (High-SCR >
1.0; n = 11) or Low (Low-SCR < -4.0; n =11) field fertility. Semen from two ejaculates (average days between
ejaculates 140 d; minimum difference 4 d and maximum difference 1,349 d) were used to assess sperm
relative concentrations of DAG1 and SERPINA5, total (TMOT) and progressive (PROG) motility, and plasma
membrane integrity (viability; n = 20; semen of two bulls had already been processed before viability could be
assessed). Semen from these bulls was also used for in vitro production of embryos (n = 19; one High-SCR
and two Low-SCR bulls’ semen were not available for in vitro production of embryos). Cleavage (CL) and
blastocyst (BL) rates were recorded. Low-SCR bulls were subdivided further based on their blastocyst rate
(BL) as High (Low-SCR/High-BL ≥ 31%; n = 6) or Low (Low-SCR/Low-BL ≤ 26%; n = 3).
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Sperm Analyses
Sperm motility (TMOT and PROG) analyses were performed using a computer assisted sperm analysis system
(CASA). Sperm plasma membrane integrity (viability) was analyzed by evaluating a minimum of 100 sperm per
sample in a Nikon Fluorescence microscope. Remaining samples not used for CASA were fixed in 2%
formaldehyde solution, washed, diluted to 5 million sperm per mL and stored at 4 ºC until analyzed for DAG1
or SERPINA5.
Anti-DAG1 antibody (goat anti-human, ab136665, polyclonal, ABCAM, United Kingdom) was purified and
conjugated to PE/R-Phycoerythrin (ab102918, ABCAM) according to manufacturer instructions. Anti-DAG1 and
fixed sperm were incubated for 4 h at room temperature without exposure to light. Samples were evaluated
with a Nikon Fluorescence microscope at 400 × magnification, and the NIS-Elements software package was
used to outline 100 individual spermatozoa per sample and fluorescence intensity was determined. Also,
immunolocalization of DAG1 on the sperm was determined. Anti-SERPINA5 antibody (rabbit anti-human,
mouse, rat, PA579976, polyclonal, Invitrogen, Waltham, MA) was conjugated to Dylight 405 Fast (ab201798,
ABCAM) according to manufacturer instructions. Anti-SERPINA5 and fixed sperm were incubated for 4 h at
room temperature without exposure to light. Samples were evaluated as described for DAG1. Also,
immunolocalization of SERPINA5 on the sperm was determined.
In vitro embryo production
All media for in vitro embryo production and in vitro embryo production followed previous published procedures
(Ortega et al., 2016; 2018; Tríbulo et al., 2019; Stoecklein et al., 2021). Briefly, cumulus-oocyte complexes
(COC) were retrieved by follicular aspiration from ovaries collected at a commercial abattoir. Tubes with COC
were shipped overnight in a portable incubator (Minitube USA Inc., Verona, WI, USA) at 38.5 ºC to the
University of Missouri. After approximately 24 h of maturation, groups of 100 COC were washed three times
and placed in a 35-mm dish containing fertilization media. Each group of COC was fertilized with sperm from a
single bull. Fertilization proceeded for approximately 18 h at 38.5 ºC in a humidified atmosphere of 5% (v/v)
CO2. Putative zygotes (oocytes exposed to sperm) were vortexed to denude from the surrounding cumulus
cells at the end of fertilization. Embryos were then cultured in four-well dishes in groups of up to 50 embryos in
culture medium covered with mineral oil at 38.5 ºC in a humidified atmosphere of 5% (v/v) O2 and 5% (v/v)
CO2. Percentage of putative zygotes that cleaved (cleavage rate; CL) was determined at day 3 of development
(day 0 = day of insemination) and BL at day 8 of development.
Statistical Analysis
Fluorescence intensity (concentration of SERPINA5 and DAG1) was analyzed using the GLM procedure in
SAS (9.4) with bull as a fixed effect to determine the variance in mean protein concentration between bull and
within bull. Protein immunolocalization was determined based on visual characterization and statistical analysis
was not performed. The CORR procedure of SAS was used to evaluate correlations between SCR, TMOT,
PROG, viability, CL, BL, DAG1 and SERPINA5 relative concentration, and proportion of sperm tail labeled for
SERPINA5. The GLIMMIX procedure of SAS was used to evaluate the relationship of bull field fertility (Highand Low-SCR), and field and in vitro fertility (High-SCR, Low-SCR/High-BL, Low-SCR/Low-BL) classifications
with sperm TMOT, PROG, viability, CL, BL, DAG1 and SERPINA5 relative concentration, and proportion of
sperm tail labeled for SERPINA5. Results are presented as least square mean ± SE unless otherwise stated.
Statistical differences were defined as P ≤ 0.05, when P > 0.05 but P ≤ 0.10 the results were considered as
tendency.
Results and Discussion
Rate of genetic improvement in a herd is far more efficient through bull selection than female selection due to
the larger number of offspring generated by one single bull versus one single female. Bull fertility, especially for
use in AI, has been evaluated heavily or exclusively through semen quality which relies predominantly on
sperm motility and morphology, and more recently sperm viability (Barth and Oko, 1989; Koziol and Armstrong,
2018; DeJarnette et al., 2021). However, even among bulls that pass AI quality control analysis in commercial
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AI semen service centers, it is not possible to guarantee that bulls will have high fertility (DeJarnette, 2005).
Thus, the study of semen characteristics that can better predict bull fertility is necessary. Animal variation is
necessary for a test to be considered as a potential fertility marker. Also, any new test must not be correlated
with current evaluations of semen quality or must provide a simpler method of evaluation over current analyses
(DeJarnette, 2005; Harstine et al., 2018; DeJarnette et al., 2021). In the present study, a greater variation
amongst bulls compared to within bull was observed for both DAG1 (P < 0.01; 69.4 vs 49.1, respectively) and
SERPINA5 (P < 0.01; 325.8 vs 285.4, respectively), fulfilling the first characteristics for a potential fertility
marker. Further, DAG1 and SERPINA5 were not correlated with TMOT, PROG, or viability (Table 1), fulfilling
the second characteristic of a potential novel fertility marker; however, percentage of tail labeled for SERPINA5
was correlated with viability.
The objective of the bovine AI industry is to provide semen of high quality to cattle producers. Semen that
passes quality control and is commercially available has met specific thresholds (Harstine et al., 2018;
DeJarnette et al., 2021). With that, sperm motility, morphology and viability of commercially available semen
are expected to not correlate with field fertility, especially in large samples (DeJarnette et al., 2021). In the
present study; however, High-SCR bulls tended to have greater viability compared to Low-SCR bulls (P = 0.06;
Table 2). Interestingly, it was observed that some Low-SCR bulls had good BL production with no difference
from High-SCR bulls (reason for BL fertility separation); Ortega et al. (2018) reported similar findings in which
one (out of three) Low-SCR bull had BL similar to High-SCR bulls. Interestingly, Low-SCR/High-BL had
decreased mean SCR compared to Low-SCR/Low-BL (Table 3). It is possible that bulls with Low-SCR, but
good BL (Low-SCR/High-BL), have sperm transport problems or are more susceptible to the timing of
insemination (sperm longevity) or the uterine/oviduct environment compared to Low-SCR bulls with lower BL
(Low-SCR/Low-BL), which the problem may be related to fertilization itself rather than sperm transport; this
hypothesis is partially explained by the “compensable” and “uncompensable” characteristics of sperm
previously reported (Saacke et al., 1994; Saacke, 2008; Amann et al., 2018). However, when low fertility bulls
were further divided into Low-SCR/High-BL and Low-SCR/Low-BL, there was no relationship between sperm
parameter or proteins with fertility classification (Table 3).
In the present study, it was identified that DAG1 was present on the sperm head; however, DAG1 was not
associated with field fertility or field and in vitro embryo fertility in which High-SCR and Low-SCR (Table 2) or
High-SCR, Low-SCR/High-BL and Low-SCR/Low-BL (Table 3) were not different, respectively. Additionally,
DAG1 concentrations between fertility classification groups were almost identical (Tables 2 and 3).
Furthermore, DAG1 was not correlated with SCR, CL, or BL. Thus, DAG1 may function to stabilize the
acrosomal region as a decapacitating factor, preventing premature acrosomal reaction or formation of the
sperm reservoir due to its localization on the sperm head.
The immunolocalization of SERPINA5 on the bovine sperm head was similar to human sperm (Zheng et al.,
1994; Elisen et al., 1998); however, bovine sperm also had SERPINA5 on the sperm tail, diverging from
human sperm. The protease inhibitory activity of SERPINA5 has been described in multiple body tissues and
fluids (España et al., 1989; Ecke et al., 1992; Christensson and Lilja, 1994; Hermans et al., 1994; Zheng et al.,
1994; Elisen et al., 1998). The activity and target enzyme of SERPINA5 can be modulated by heparin and
other glycosaminoglycans (Kuhn et al., 1990; Pratt and Church, 1992; Ecke et al., 1997). Heparin and
glycosaminoglycans are present in the oviduct from oviductal fluid and follicular fluid which has been reported
to induce sperm capacitation (Parrish et al., 1985; 1988; Mahmoud and Parrish, 1996; Bergqvist et al., 2007).
A positive correlation was observed between SERPINA5 concentration on the sperm head and CL, also, the
percentage of sperm tail labeled for SERPINA5 was correlated with sperm viability and CL (Table 1). When the
SERPINA5 gene was disrupted in mice, male mice were infertile both in vitro and in vivo because of
morphologically abnormal sperm, lower motility, and lack of sperm-egg binding (Uhrin et al., 2000). Also, men
with normal sperm motility with unknown reason for infertility had decreased concentration of SERPINA5
compared to fertile men (Panner Selvam et al., 2019). Controversially, there was no association of SERPINA5
concentration or percentage of tail labeled for SERPINA5 with field fertility or field and in vitro embryo fertility
(Tables 2 and 3).
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The ability of human sperm to bind to human zona pellucida was evaluated in the presence of different
concentrations of anti-SERPINA5 or SERPINA5 in the media (Elisen et al., 1998). Interestingly, a lower
concentration of anti-SERPINA5 increased the ability of sperm to bind to the zona pellucida; however, the
greater the concentration of SERPINA5 in the media the lower the ability of sperm to bind to the zona pellucida
(Elisen et al., 1998). Another member of the serine protease inhibitor (SERPIN) family, called glia-derived
nexin or protease nexin-1 (SERPINE2), has been reported to be a decapacitating factor in mice (Lu et al.,
2011). When sperm were processed for in vitro fertilization, the processing may have accelerated sperm
capacitation and increased damage to the sperm (Baldi et al., 2020). Thus, it is possible to hypothesize that
increased concentrations of SERPINA5 may have provided enough protection to the sperm; and bulls with
greater concentration of SERPINA5 on the sperm head, and percentage of tail labeled, had increased CL likely
due to resistance to sperm processing (protection against premature capacitation). More investigation is
necessary to understand whether SERPINA5 or DAG1 could be used as a fertility marker.
Implications
DAG1 and SERPINA5 proteins that are associated with cell-to-cell interactions were localized on the bovine
sperm head, also, SERPINA5 was localized on the sperm tail. Sperm relative concentration for both proteins
were correlated to each other and SERPINA5 was correlated with CL. The percentage of sperm tail labeled for
SERPINA5 was correlated with CL and sperm viability; however, proteins were not associated with bull field
fertility measured by SCR. Thus, SERPINA5 may be related with sperm protection and/or oocyte fertilization
while DAG1 may be related to sperm transport or formation of the sperm reservoir in the oviduct.
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Tables
Table 1. Pearson’s correlation coefficient (above diagonal) and significance level (below diagonal) between
sire conception rate (SCR), total motility (TMOT), progressive motility (PROG), sperm plasma membrane
integrity (viability), SERPINA5 mean relative concentration (SERPINA5), percentage of sperm tail positive for
SERPINA5 (SERPINA5 Tail), in vitro produced embryos cleavage (CL) and blastocyst (BL) rate, and DAG1
mean relative concentration (DAG1).
Correlation/
P-value

SCR

SCR

TMOT

PROG

Viability

SERPINA5

SERPINA5
Tail

CL

BL

DAG1

0.09

0.01

0.36

-0.13

-0.19

-0.08

0.15

-0.08

0.82

0.00

0.14

0.15

0.17

0.34

-0.25

0.06

0.15

-0.07

-0.04

0.22

-0.26

0.11

0.44

0.24

0.15

-0.10

0.28

0.48

0.11

0.54

0.39

0.20

0.05

0.50

0.33

TMOT

0.69

PROG

0.95

< 0.01

Viability

0.12

0.99

0.79

SERPINA5

0.56

0.53

0.50

0.65

SERPINA5 Tail

0.39

0.52

0.74

0.05

0.21

CL

0.73

0.49

0.88

0.35

0.04

0.10

BL

0.55

0.15

0.38

0.56

0.66

0.42

0.03

DAG1

0.72

0.25

0.25

0.66

0.01

0.81

0.17

0.32
0.18

Table 2. Relationship of sire conception rate (SCR) fertility classification (High-SCR vs Low-SCR) on total
motility (TMOT), progressive motility (PROG), sperm plasma membrane integrity (viability), in vitro produced
embryos cleavage (CL) and blastocyst (BL) rate, SERPINA5 concentration (SERPINA5), percentage of sperm
tail positive for SERPINA5 (SERPINA5 Tail), and DAG1 concentration (DAG1).
Variable
High-SCR
Low-SCR
SEM1
P-value
2
3.4
-5.7
0.31
< 0.0001
SCR, au
52.0
51.3
2.89
0.86
TMOT, %
35.7
35.8
2.61
0.99
PROG, %
64.0
57.3
2.39
0.06
Viability, %
77.4
78.3
2.39
0.81
CL, %
33.5
31.7
2.18
0.56
BL, %
2
52.4
54.2
2.04
0.54
SERPINA5, au
32.4
35.1
3.23
0.56
SERPINA5 Tail, %
2
35.6
36.5
1.41
0.66
DAG1, au
1
SEM = Standard error of the mean
2
au = arbitrary unit
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Table 3. Relationship of field (sire conception rate; SCR) and in vitro (blastocyst rate; BL) fertility classification
(High-SCR, Low-SCR/High-BL, and Low-SCR/Low-BL) on total motility (TMOT), progressive motility (PROG),
sperm plasma membrane integrity (viability), in vitro produced embryos cleavage rate (CL) and BL, SERPINA5
concentration (SERPINA5), percentage of sperm tail positive for SERPINA5 (SERPINA5 Tail), and DAG1
concentration (DAG1).
Low-SCR/
Low-SCR/
Variable
High-SCR
SEM1
P-value
High-BL
Low-BL
3.4a
-6.2b¶
-4.8b*
0.59
< 0.0001
SCR, au2
52.0
49.3
50.0
4.86
0.81
TMOT, %
35.6
34.3
32.8
4.38
0.84
PROG, %
64.0
58.8
60.3
3.79
0.32
Viability, %
77.5
80.3
73.9
4.23
0.43
CL, %
a
a
b
33.4
35.9
23.9
2.73
0.02
BL, %
2
52.4
52.7
56.0
4.16
0.75
SERPINA5, au
32.6
38.5
32.7
5.60
0.48
SERPINA5 Tail, %
2
35.6
36.4
36.7
2.60
0.91
DAG1, au
1
SEM = Standard error of the mean
2
au = arbitrary unit
a-b
Values within the same row not sharing a common superscript differ P ≤ 0.01
*,¶
Values within the same row not sharing a common superscript differ P ≤ 0.08
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Proteomic analysis of epididymal and ejaculated
sperm and respective fluids
Saulo Menegatti Zoca, Emmalee J. Northrop-Albrecht, Julie A. Walker, Robert A. Cushman, and George A.
Perry
Objective
The objectives of these studies were to identify differences in proteins found both in the environment (fluid) and
loosely attached to spermatozoa from both the epididymis and ejaculate, and to evaluate the effect of pH on
sperm longevity.
Study Description
Ejaculated and epididymal semen was collected from mature Angus bulls (n = 9), and then centrifuged to
separate sperm and fluid. Fluids were collected and sperm pellets were resuspended in a high ionic solution
and vortexed to remove loosely attached proteins. Sperm samples were centrifuged, and the supernatant was
collected. Samples collected for protein analysis were snap frozen in liquid nitrogen and stored at -80 ºC.
Protein analysis was performed by liquid chromatography with tandem mass spectrometry (LCMS/MS).
Yearling Angus cross bulls (n = 40) were used for sperm cultures. Ejaculated (n = 20) and epididymal (n = 20)
sperm were collected, diluted and cultured in a commercial media at pH 5.8, 6.8 and 7.3, at 4 ºC and evaluated
for motility and viability every 24 h until motility was below 20%. There was an effect of pH, time and pH by
time interaction for motility and viability for both ejaculated and epididymal sperm (P ≤ 0.05). At 216 h of
incubation epididymal sperm at pH 7.3 and ejaculated sperm at pH 6.8 dropped below 20% motility. Overall, in
all samples, a total of 458 unique proteins were identified. It was identified that ejaculated fluid and ejaculated
sperm had 178 and 298 proteins, respectively. Also, it was identified that epididymal fluid and epididymal
sperm had 311 and 344 proteins, respectively. There were Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways significantly enriched (FDR < 0.05) for ejaculated fluid (n = 8), epididymal fluid (n = 24),
ejaculated sperm (n = 10), and epididymal sperm (n = 18). The most important KEGG pathway identified was
the metabolic pathway. Within the metabolic pathway the glycolysis/gluconeogenesis, pentose phosphate, and
glutathione metabolism pathways were significantly enriched among proteins only present in epididymal
samples. Other proteins identified that may be related to epididymal sperm’s increased longevity were
peroxidases and glutathione peroxidases for their antioxidant properties.
Take Home Points
In the epididymis, energy metabolism appears to be more glycolytic compared to ejaculated. Also, there was a
larger number of antioxidants present in the epididymis which may help maintain sperm in a quiescent state
and increase sperm longevity. Epididymal sperm was able to maintain viability longer than ejaculated sperm
when cultured under the same conditions. Understanding mechanisms associated with epididymal sperm’s
increased longevity compared to ejaculated sperm has the potential to assist in improvement of sperm storage.
Introduction
During final maturation, spermatozoa lose their ability to biosynthesize, repair, grow, and divide, and become
very simple in their metabolic function (Hammerstedt, 1993). This results in spermatozoa becoming completely
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dependent on their external environment to survive and function. While in the epididymis, spermatozoa are
stored for a long period of time in a relatively quiescent (dormant) state. It has been hypothesized that this is
due to both quiescence and prevention of premature activation of the spermatozoa prior to ejaculation (Sullivan
et al., 2005). Upon ejaculation or dilution of the fluid of the caudal epididymis, motility is increased (Acott and
Carr, 1984; Carr and Acott, 1984). A consequence of this increased motility is a reduction in viability to only
several hours in most species (Austin, 1975).
Glycoproteins coat the spermatozoa plasma membrane (Magargee et al., 1988; Mahmoud and Parrish, 1996;
Geussova et al., 1997) and several proteins that have been identified in epididymal fluid are enzymes that can
modify proteins or lipids at the spermatozoa surface. A subset of these proteins are implicated in spermatozoa
protection against oxidative stress (Girouard et al., 2011), and some of the proteins that are transferred to the
spermatozoa are also proposed to modulate motility (Frenette et al., 2003; Frenette et al., 2004; Frenette et al.,
2005). For example, macrophage migration inhibitory factor (MIF) protein, present in the epididymis,
associates with the spermatozoa flagella impacting acquisition of motility (Eickhoff et al., 2004), and MIF
concentration were negatively correlated to motility (Sullivan et al., 2005). Epididymal fluid pH range from 5.8
to 6.8 in bulls, and pH has been associated with sperm motility. Lower pH environments have been reported to
inhibit sperm motility while greater pH increased sperm motility (Wales et al., 1966; Acott and Carr, 1984; Carr
and Acott, 1984; Carr et al., 1985). Uterine pH decreased (~7.1 to ~6.8) at the initiation of standing estrus
(Elrod and Butler, 1993) and was also decreased in animals that exhibited standing estrus (~6.8) prior to fixedtime AI compared to animals not exhibiting standing estrus (~7.1); also, uterine pH from animals that exhibited
standing estrus rose prior to ovulation (~7.1; Perry and Perry, 2008a, b). Estrus expression prior to fixed-time
insemination increased the number of spermatozoa that reached the site of fertilization (Larimore et al., 2015)
and had a linear relationship with pregnancy success (Grant et al., 2011). It is hypothesized that the decrease
in pH at onset of estrus would increase sperm longevity and the rise in pH prior to ovulation would increase
sperm motility (Perry and Perry, 2008a, b). Thus, the objectives of these experiments were to identify
differences in proteins found both in the environment (epididymal fluid and seminal plasma) and loosely
attached to spermatozoa from both the epididymis and ejaculate to evaluate the effect of pH on sperm
longevity.
Experimental Procedures
Experimental design
Study I
Ejaculated semen was collected via electro-ejaculation from nine sexually mature (4-yr old) Angus bulls with a
history of successful breeding. After semen collection, bulls were rested for six weeks to renormalize
epididymal reserves and then slaughtered. Testes and epididymides were collected and transported back to
the laboratory. Epididymides were dissected and epididymal fluid and spermatozoa were collected from the
caudal section of the epididymis. Ejaculated and epididymal sperm were diluted (~3 × 109 sperm/mL) and
evaluated for motility, viability, and mitochondrial membrane potential at the time of semen collection.
Ejaculated sperm was evaluated at pH 7.3 (most semen extender pH and uterine pH before and after estrus)
and epididymal sperm was evaluated at physiological pH (5.8) and at pH 7.3. Epididymal semen from a subset
of bulls (n = 3) were cultured for 310 h at 4 °C in three different pH; pH 5.8, pH 7.3, and pH 6.8 which has been
reported to be the uterine pH at estrus (Perry and Perry, 2008a, b). The remainder of samples were processed
for protein analysis.
Study II
Semen from 20 yearling (12- to 15-mo old) Angus crossed bulls were collected by electro-ejaculation and 20
different yearling (12- to 15-mo old) Angus crossed bulls were slaughtered and testes and epididymides were
collected at a commercial slaughter facility. Epididymides were dissected and epididymal fluid and
spermatozoa were collected from the cauda section of the epididymis. Ejaculated and epididymal semen were
diluted (~42 × 106 sperm/mL and ~60 × 106 sperm/mL, respectively) and incubated at three different pH (5.8,
6.8, and 7.3). Epididymal sperm was transported back to the laboratory in culture, thus, first evaluation at 24 h
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incubation. Samples were evaluated every 24 h, until total motility were below 20%, then no further evaluation
was made for total motility, progressive motility, or viability.
Sperm analyses and culture
For both studies, aliquots of each sample (ejaculated and epididymal) were evaluated at collection, 0 h for
ejaculated and 24 h after slaughter for epididymal. Samples were diluted (42 × 106 to 3 × 109 sperm per mL;
details in experimental design) and cultured in a commercially available media (OPTIXcell, IMV technologies,
France) and adjusted to different pH (5.8, 6.8, or 7.3), at 4 °C. Samples were evaluated for motility and viability
by a computer-assisted sperm analysis machine (CASA; Hamilton Thorne IVOS II, Beverly, MA), and
mitochondrial membrane potential procedure (study I only), by MitoTracker red (Thermo Fisher, Eugene, OR)
staining following manufacturer’s label. Mitochondrial membrane potential was evaluated using a Nikon
Fluorescence microscope, and the NIS-Elements software package was used to outline 100 individual
spermatozoa and fluorescence intensity was determined. Samples were evaluated every 24 h, ejaculated
samples from 0 h and epididymal samples from 24 h after collection (due to transport to the lab a true 0 h was
not possible) until 310 h incubation for motility and viability (study I) or until total motility were below 20% (study
II).
Protein isolation
Samples were centrifuged (700 × g for 10 min) to separate spermatozoa and fluids (epididymal fluid or seminal
plasma) for protein analysis. Fluids were collected and snap frozen in liquid nitrogen and stored at -80 °C until
analyzed. Spermatozoa pellets were then washed with a high ionic solution (Rifkin and Olson, 1985) and
vortexed for 1 min to remove proteins loosely attached to the spermatozoa. Samples were then centrifuged
(700 × g for 10 min) to separate spermatozoa from stripped proteins. Stripped proteins were collected, snap
frozen in liquid nitrogen and stored at -80 °C until analyzed. This resulted in four types of samples: 1)
epididymal fluid, 2) ejaculated fluid, 3) epididymal sperm stripped proteins (epididymal sperm), and 4)
ejaculated sperm stripped proteins (ejaculated sperm).
Liquid chromatography with tandem mass spectrometry analysis
Protein samples were shipped to the University of Minnesota Mass Spectrometry facility for identification by
LCMS/MS. All LCMS/MS samples were analyzed using Sequest (Thermo Fisher Scientific, San Jose, CA,
USA; version 2.1.0.81). Sequest was set up to search the bovine (taxid 9913) protein sequence database from
Uniprot.org with canonical and isoforms included and merged with the common lab contaminant protein
database (thegpm.org/crap/index, 109 proteins). Scaffold (version Scaffold_5.0.0, Proteome Software Inc.,
Portland, OR) was used to validate LCMS/MS based peptide and protein identifications. Peptide identifications
were accepted if they could be established at greater than 99.0% probability by the Scaffold Local false
discovery rate (FDR) algorithm. Protein identifications were accepted if they could be established at greater
than 7.0% probability to achieve an FDR less than 1.0% and contained at least 2 identified peptides. Protein
probabilities were assigned by the Protein Prophet algorithm (Nesvizhskii et al., 2003). Proteins that contained
similar peptides and could not be differentiated based on tandem mass spectrometry (MS/MS) analysis alone
were grouped to satisfy the principles of parsimony. Proteins sharing significant peptide evidence were
grouped into clusters. Further analysis was conducted using peptides identified as exclusive and unique to
each protein. Total spectrum counts for proteins were used for abundance comparisons (proteins found in one
sample but not the other or found in both samples) and statistical analysis. Comparisons were made for total
spectrum counts between epididymal and ejaculated fluid proteins and between epididymal and ejaculated
spermatozoa surface proteins. Significant P-values were adjusted for multiple testing using the BenjaminiHochberg calculation to correct the FDR. For each comparison, proteins that were identified in the samples
were entered into DAVID v 6.8 (Huang et al., 2008, 2009) using their official gene names to determine the top
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathways associated with those proteins. For the
significant KEGG pathways within each sample, that had a physiological meaning for the study objective, the
proteins contributing to that KEGG that were exclusive for one of the samples were entered into the STRING
database (Szklarczyk et al., 2015; Hu et al., 2018) to determine the network interactions of those proteins.
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Statistical analyses
Study I
Differences of spermatozoa parameters between ejaculated and epididymal (pH 5.8 and 7.3) at collection were
evaluated using the GLIMMIX procedures of SAS (v 9.4). The model used was treatment (ejaculated,
epididymis 5.8, epididymis 7.3) as a fixed effect and bull as a random effect. For fluorescence intensity, area
measured was included as a covariate. Cultured spermatozoa parameters were evaluated using the GLIMMIX
procedure of SAS (v 9.4) for repeated measures. The model included the fixed effect of treatment (pH 5.8, 6.8,
and 7.3), time of incubation and the interaction. Time points 286 and 310 h incubation were removed from
progressive motility analysis because all values equaled zero. Significance was declared when P ≤ 0.05 and
tendency when P > 0.05 but P ≤ 0.10.
Study II
Ejaculated and epididymal sperm parameters were evaluated separately. Total motility, progressive motility
and viability were evaluated using the methods described above for repeated measures. Significance was
declared when P ≤ 0.05 and tendency when P > 0.05 but P ≤ 0.10.
Results and Discussion
Females need to be in estrus or under the influence of estrogen for efficient transport of spermatozoa from the
site of deposition to the site of fertilization (Hawk, 1983). Estrogen may influence fertilization rates through both
spermatozoa transport and fertilization efficiency by altering the uterine environment (pH). It has been reported
that uterine pH decreased at the initiation of standing estrus (Elrod and Butler, 1993) and was also decreased
in animals that exhibited standing estrus prior to fixed-time AI compared to animals not exhibiting standing
estrus (Perry and Perry, 2008a, b). Estrus expression prior to fixed-time insemination increased the number of
spermatozoa that reached the site of fertilization (Larimore et al., 2015) and had a linear relationship with
pregnancy success (Grant et al., 2011). It is hypothesized that the decrease in pH at onset of estrus would
increase sperm longevity and the rise in pH prior to ovulation would increase sperm motility (Perry and Perry,
2008a, b). Thus, sperm was diluted and incubated at three different pH: physiological pH of the epididymis
(5.8), physiological pH upon ejaculation which is similar to the uterine pH at time of ovulation and most semen
extender (7.3) and uterine pH at onset of estrus (6.8). In study I, treatment influenced mitochondrial membrane
potential (P < 0.01; Fig. 1), percentage of total motility, progressive motility, and viability (P ≤ 0.01; Fig. 2).
Also, there was an effect of treatment on the mitochondrial membrane potential (P < 0.01; Fig. 1). Epididymal
sperm had increased mitochondrial membrane potential compared to ejaculated (P < 0.01), also, epididymal
sperm at 5.8 tended to have a greater mitochondrial membrane potential compared to epididymal sperm at 7.3
(P = 0.07). Upon dilution of caudal epididymis fluid motility was increased (Acott and Carr, 1984; Carr and
Acott, 1984), but when epididymal sperm was incubated in caudal epididymal fluid, motility was inhibited (Carr
and Acott, 1984). When epididymal sperm was diluted and pH altered to 7.3 there was an increase in sperm
motility. The washing and dilution of caudal epidydimal fluid were sufficient to cause an increase in sperm
motility which explains the lack of statistical difference between epididymis sperm at pH 5.8 and ejaculated
sperm at pH 7.3 in study I and is similar to what has been reported by others (Acott and Carr, 1984; Carr and
Acott, 1984; Carr et al., 1985). Interestingly, when the pH of epididymal sperm was adjusted to 7.3 total motility
and progressive motility were increased to above ejaculated sperm. This is consistent with the increased
mitochondrial membrane potential of epididymal sperm and agrees with the increase in sperm motility reported
by others (Ericsson et al., 1993).
In study I, when epididymal sperm were cultured at pH 5.8, 6.8 and 7.3 there was an effect of pH by time
interaction on total motility and progressive motility (P ≤ 0.05; Fig. 3 and 4); however, the pH by time interaction
was not significant for viability (P = 0.16; Fig. 5). There was an effect of pH on total motility (P < 0.01) and
viability (P < 0.01; Fig. 5), but there was no effect of pH on the percentage of progressive motility (P = 0.59).
There was also an effect of time on total motility, progressive motility, and viability (P < 0.01). In Study II, there
was an effect of pH, time and pH by time interaction for total motility (P ≤ 0.04; Fig. 6), progressive motility (P ≤
0.03; Fig. 7) and viability (P ≤ 0.02; Fig. 8) for both ejaculated and epididymal sperm. In study I, epididymal
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sperm were able to maintain motility for a longer period of time when it was incubated at pH 6.8 compared to
pH 5.8 or 7.3. This is consistent with what was hypothesized by Perry and Perry (2008a, b) that a decrease in
uterine pH at the onset of estrus would increase sperm longevity. In study II, ejaculated sperm at pH 6.8 and
epididymal sperm at pH 7.3 maintained total motility above 20% longer than other samples, at 216 h of
incubation motility decreased below 20% for both ejaculated 6.8 and epididymal 7.3 (17.1% and 18.9%,
respectively). The percentage of sperm displaying progressive motility at 216 h was 1.6% and 1.1%, and
viability 51.3% and 95.4%, for ejaculated 6.8 and epididymal 7.3, respectively. Perry and Perry (2008a, b)
hypothesis held true for ejaculated sperm (pH 6.8 had the greatest longevity), in study II; however, epididymal
sperm at pH 7.3 had greater longevity (total motility) compared to sperm at pH 6.8. Animals in study I and
study II were different, the main differences between the two groups of bulls (age) may have caused the
observed differences. In study I, animals were mature bulls (4-yr old) with proven fertility and study II animals
were 12- to 15-mo old that had just reached puberty and passed a breeding soundness exam.
When comparing sperm viability (study II) between ejaculated and epididymal sperm, even though sperm
motility decreased during incubation, epididymal sperm had at least 15 percentage points more viable sperm
compared to ejaculated sperm at any time point regardless of media pH (Fig. 8). In the cauda epididymis,
sperm are stored for a long period of time. After differentiation and maturation, sperm has a relatively simple
metabolism and is highly dependent on its environment (Hammerstedt, 1993). Sullivan et al. (2005)
hypothesized that the increased longevity of epididymal sperm is due to both quiescence and prevention of
premature activation of the spermatozoa. In agreement with Sullivan et al. (2005), the increased viability of
epididymal spermatozoa compared to the ejaculated, was not only due to the relatively quiescent state it was
in, but also due to proteins associated with these spermatozoa, because even after dilution and initiation of
motility epididymal sperm had increased viability compared to ejaculated sperm in the present study.
Proteins were identified in ejaculated and epididymal samples in order to investigate which proteins may be
involved in increased viability of epididymal sperm. An overall total of 458 unique proteins were detected
between all samples, 178 were detected in ejaculated fluid, 298 were detected in ejaculated sperm, 311 were
detected in epididymal fluid, and 334 were detected in epididymal sperm. There were 103 proteins detected in
the fluids that were present in both ejaculated and epididymal samples, ten proteins had increased abundance
in ejaculated fluid (P ≤ 0.05) and 29 had increased abundance in epididymal fluid (P ≤ 0.05). There were 221
proteins detected in the sperm samples that were present in both ejaculated and epididymal samples, 12
proteins had increased abundance in the ejaculated sperm (P ≤ 0.05) and 109 proteins had increased
abundance (P ≤ 0.05) in the epididymal sperm. There were eight significant KEGG pathways (FDR < 0.05) for
ejaculated fluid proteins and 24 KEGG pathways for epididymal fluid proteins. There were ten significant
pathways for ejaculated and 18 for epididymal proteins that were stripped from the sperm. When comparing
proteins stripped from the sperm and in the fluids between ejaculated and epididymis samples, the metabolic
pathway had the greatest number of proteins and was identified as the most important KEGG pathway for this
data set. This was expected as sperm are maintained in a quiescent mode in the epididymis which allows
sperm to be stored for several days. The KEGG metabolic pathway can be subdivided into other pathways, as
proteins may have function in multiple pathways [e.g., Fructose-bisphosphate aldolase A (ALDOA) is present
in the metabolic pathway, glycolysis/gluconeogenesis pathway, pentose phosphate pathway and, fructose and
mannose pathway]. The total number of proteins identified in ejaculated (n = 305) and epididymal sperm (n =
384) suggests that epididymal sperm metabolism and environment are more regulated by proteins than
ejaculated sperm, especially, since 153 proteins were present only in epididymal samples compared to 74
proteins present in ejaculated samples only.
Metabolic pathway associated proteins in the fluid samples included: 15 proteins that were present in both
ejaculated and epididymis samples, nine proteins that were only present in ejaculated fluid and 55 proteins that
were only present in epididymis fluid. The proteins related to the metabolic pathway only present in ejaculated
fluid were not highly related as seen by few connections between proteins [protein-protein interaction (PPI)
enrichment P = 0.22]. The proteins present only in epididymis fluid and related to metabolic pathway differed
from ejaculated fluid and were highly interactive with a complex network (PPI enrichment P < 0.01). Eleven
proteins in this network were related to glycolysis/gluconeogenesis pathway, five proteins were related to the
oxidative phosphorylation pathway, eight were related to the pentose phosphate pathway, and four proteins
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were related to fructose and mannose metabolism. There were 36 proteins present in both ejaculated and
epididymis sperm samples related to the metabolic pathway. Nevertheless, 11 proteins were only present on
ejaculated sperm and 32 were only present on epididymal sperm. Proteins related to the metabolic pathway
only present in ejaculated sperm were not highly related with few connections between proteins, similarly to
proteins only present in ejaculated fluid (PPI enrichment P = 0.09). The proteins only present in the epididymis
sperm samples and related to the metabolic pathway, different from ejaculated sperm and similarly to those
from epididymis fluid, were highly interactive with a complex network (PPI enrichment P < 0.01). There were
seven proteins related to the pentose phosphate pathway, five proteins related to glycolysis/gluconeogenesis
pathway and two proteins related to the fructose and mannose metabolism pathway that were present only in
the epididymis sperm samples compared to the ejaculated sperm samples.
Bovine sperm can utilize both anaerobic (without oxygen) and aerobic (with oxygen) methods of energy
production to maintain similar levels of motility (Krzyzosiak et al., 1999). Proteins found only in the epididymal
samples that were involved in the glycolysis/gluconeogenesis pathway (11 and five in fluid and sperm,
respectively) and that were associated with oxidative phosphorylation (five proteins identified in fluid) were
identified. Two different proteins were present in ejaculated sperm that related to oxidative phosphorylation.
The glycolysis/gluconeogenesis pathway had seven and 11 proteins that were present in both ejaculated and
epididymis samples, fluid and sperm, respectively. Human patients with asthenozoospermia (low sperm
motility) had increased levels of ALDOA, glyceraldehyde-3-phosphate dehydrogenase (GAPDH), alcohol
dehydrogenase (AKR1A1), L-lactate dehydrogenase B chain (LDHB) in seminal plasma compared to control
patients (Wang et al., 2009). In this data set, the proteins elevated in seminal plasma of patients with
asthenozoospermia, ALDOA, GAPDH, and AKR1A1 were only detected in epididymal fluid. Also, AKR1A1,
LDHB and GAPDH were only present on epididymal sperm (ALDOA was present in ejaculated sperm but in
lower abundance compared to epididymal sperm). Our results suggest that energy production, specifically
through glycolysis, in the epididymis is more regulated compared to after ejaculation. Thus, these proteins only
detected in epididymal samples may need to be removed or diluted to undetectable concentrations to facilitate
and promote energy production and, consequently, sperm motility.
It is possible that the increased number of proteins related to glycolysis in epididymal samples is a mechanism
to reduce the production of reactive oxygen species (ROS) which is a by-product of oxidative phosphorylation
and is not produced during glycolysis. Reactive oxygen species are oxygen containing molecules that can be
found as free radicals or non-radical oxidants, these molecules remove electrons from specific reactants. The
presence of ROS is necessary for normal sperm function; however, the deleterious capacity of ROS is
determined by its concentration. The increase in sperm intracellular cyclic adenosine monophosphate (cAMP)
is caused by ROS which leads to a cascade of biochemical events that lead to sperm capacitation (Aitken et
al., 2015; Aitken, 2017); however, when in elevated concentrations, ROS can cause oxidative stress which
leads to lipid peroxidation. Lipid peroxidation has been reported to increase DNA fragmentation, decrease
plasma membrane integrity (viability), and reduce motility in bovine sperm (Kasimanickam et al., 2007).
Antioxidant proteins can remove ROS from the media and prevent harmful elevated concentrations of ROS.
Aldehyde dehydrogenase (ALDH2) was identified in all samples except for ejaculated fluid, this protein was
identified in the metabolic pathway, and it has been reported to provide antioxidant properties in stallion sperm
(Gibb et al., 2016; Hall et al., 2017). The glutathione metabolism pathway was present in epididymal fluid but
not in ejaculated fluid and was present in both ejaculated and epididymal sperm. The glutathione Stransferases proteins have been reported to be antioxidants in stallion (Gibb et al., 2016; Hall et al., 2017) and
have been suggested to be involved in bovine sperm protection (Girouard et al., 2011). It was identified that
the protein glutathione S-transferase P (GSTP1) was only present in epididymal fluid and sperm; however,
glutathione S-transferase Mu (GSTM1) was present in epididymal fluid and both epididymal and ejaculated
sperm. Another pathway that has been reported to have antioxidant properties is the pentose phosphate
pathway (Williams and Ford, 2004). Peroxidases (PRDX1, PRDX2, PRDX4, and PRDX6) are important
antioxidants that have been reported to protect sperm from oxidative stress, and they were identified in
epididymal samples but not ejaculated samples. Additionally, glutathione peroxidases were identified in both
ejaculated and epididymal samples (GPX5) or only in ejaculated samples (GPX6; O'Flaherty, 2019).
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Implications
In the epididymis, sperm energy metabolism appears to be more glycolytic compared to sperm after
ejaculation, based on the greater number of proteins related to this pathway only present in epididymal
samples. Sperm also has a greater number of antioxidants available in the epididymis that is likely to be
maintaining ROS at low concentrations to inhibit premature sperm activation. This is supported by a greater
mitochondrial membrane potential of epididymal sperm compared to ejaculated sperm and the fact that
epididymal sperm was able to maintain viability longer than ejaculated sperm when cultured under the same
conditions. In addition, when both ejaculated and epididymal sperm were cultured at uterine pH (7.3),
epididymal sperm had greater motility. More research is necessary to better understand the specific roles of
the proteins only identified in the epididymis with the increase in sperm longevity, regulation of sperm
activation, and their possible role in bull fertility and ability to dominate a breeding pasture (Abell et al., 2017;
Bennett et al., 2021). An increased understanding of mechanisms associated with epididymal sperm increased
longevity compared to ejaculated sperm has the potential to improve sperm storage.
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Figures

Figure 1. Mitochondrial membrane energy potential for ejaculated sperm at pH 7.3, and epididymal sperm at
pH 5.8 and 7.3 (study I). There was a significant effect of treatment P < 0.01. The greater the value the greater
the mitochondrial membrane energy potential.
a,b
Bars with different letter superscripts differ P < 0.01.
*,ƚ
Bars with different symbols superscript differ P = 0.07.

Figure 2. Percentage of total motility (TMOT), progressive motility (PROG), and viability for ejaculated sperm
at pH 7.3, and epididymal sperm at pH 5.8 and 7.3 (study I). There was a significant effect of treatment for
TMOT, PROG and Viability P < 0.01.
a,b
Bars with different letter superscripts differ P ≤ 0.05.
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Figure 3. Percentage of total motility for epididymal sperm culture at pH 5.8, 6.8, and 7.3 (Study I). There was
a significant pH, time, and pH by time interaction (P < 0.01).

Figure 4. Percentage of progressive motility for epididymal sperm cultured at pH 5.8, 6.8, and 7.3 (Study I).
There was a significant time and pH by time interaction (P ≤ 0.05); pH was not significant (P = 0.59).
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B

A

Figure 5. Percentage of viable epididymal sperm cultured at pH 5.8, 6.8, and 7.3 (Study I). There was not a
significant pH by time interaction (A; P = 0.16). There was a significant pH (B; Y-axis represents viability % and
X-axis represents pH treatment) and time effect (P < 0.01).
a-c
Bars within figure not sharing a common superscript differ P ≤ 0.05.
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Figure 6. Percentage of total motility for epididymal and ejaculated sperm cultured at pH 5.8, 6.8, and 7.3
(Study II). Samples were considered non-viable when total motility decreased below 20%. There was a
significant pH, time and pH by time interaction for both epididymal and ejaculated sperm (P ≤ 0.04).

Figure 7. Percentage of progressive motility for epididymal and ejaculated sperm cultured at pH 5.8, 6.8, and
7.3 (Study II). Samples were considered non-viable when total motility decreased below 20%. There was a
significant pH, time and pH by time interaction for both epididymal and ejaculated sperm (P ≤ 0.03).
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Figure 8. Percentage of viable for epididymal and ejaculated sperm cultured at pH 5.8, 6.8, and 7.3 (Study II).
Samples were considered non-viable when total motility decreased below 20%. There was a significant pH,
time and pH by time interaction for both epididymal and ejaculated sperm (P ≤ 0.02).
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Beef Day 2022
Effect of estrous synchronization with natural
service or fixed-timed artificial insemination using
conventional or gender-kkewed semen in beef
females on calving distribution and post weaning
calf performance
Julie Walker, Jerica Rich, Warren Rusche, Matthew Diersen, and George Perry
Objective
The objectives of this study were to evaluate estrous synchronization and/or artificial insemination (AI) with
conventional (CONV) or gender-skewed (SEXED) semen on calving distribution and to evaluate the impact of
assisted reproductive technologies on post weaning calf performance.
Study Description
Within 10 herds, beef females (n = 1,620) were either: 1) not synchronized (NonSyn) and mated to bulls, 2)
synchronized (7-d controlled internal drug release (CIDR)) and mated to bulls (SynNS) 3) synchronized (7-d
CO-Synch plus CIDR) and artificially inseminated with conventional semen (SynAI), or 4) synchronized (7-d
CO-Synch plus CIDR) and artificially inseminated with SEXED semen. Calving distributions (calves born from
d 1 to 14, 1 to 21, 22 to 42, and 43 and greater) were determined by actual birthdates and calf gender was
determined at birth. Over a two-year period, a subset of calves (n = 508) born to cows subjected to the
previously discussed reproductive treatments in each of the 10 herds were fed to reach a target backfat (BF) of
0.50 inches, sent to harvest, and carcass data were collected. Calves were classified into calving groups as
natural service born early (NS-Early, n = 189), natural service born late (NS-Late, n = 203), or AI sired born
early (AI-Early, n = 116). Early was defined as the first 21 days of the calving season.
Take Home Points
Synchronization resulted in more calves born from d 1 to 14 of the calving season (P < 0.01; 62% vs 47%; Fig.
1); however, there were no differences (P = 0.31) between Syn and NonSyn in the percent of calves born by d
21. Between d 22 and 42, there were more (P = 0.04) calves born in the NonSyn group and no difference
between groups (P = 0.32) for d 43 and greater. When evaluating the impact of AI, a greater proportion of
calves were born between d 1 and 14 for SynNS compared to SynAI (P < 0.02; 46% vs 38%; Fig. 2), but from
d 1 to 21 and 22 to 42 there were no differences between treatments (P ≥ 0.13). It should be noted that SynAI
females remained separate from bulls for 7 to 10 days post AI to allow identification of AI versus natural
service conceptions and this could have affected the proportion of calves born in the first 21 days. There were
no differences (P ≥ 0.14; Fig. 3) between CONV and SEXED for the proportion of calves born from d 1 to 14 or
d 1 to 21. However, more of the desired gender were born in the SEXED group during d 1 to 14 of the calving
season (P < 0.01; 84% vs 68%; Fig. 4), and more total calves born from d 22 to 42 in the SEXED group
compared to the CONV group (P < 0.05; 49% vs 33%). There were no differences between CONV and SEXED
(P = 0.07) for the number of calves born on d 43 or beyond. In summary, estrus synchronization increased the

South Dakota State University Beef Day 2022
© 2022 South Dakota Board of Regents
100

proportion of cows that calved early in the calving season, and incorporation of SEXED semen increased the
proportion of the desired gender born early in the calving season without influencing the calving distribution.
Birth timing influenced the weaning weight of calves as calves born within the first 21-day window of the
calving season were heavier (P < 0.0001) than late born calves (573 and 577 pounds versus 504 pounds for
NS-Early, AI-Early and NS-Late, respectively; Fig. 5). Final harvest weight was lighter (P < 0.01) for NS-Early
(1,355 lb) compared to NS-Late and AI-Early (1,384 and 1,403 lb for NS-Late and AI-Early, respectively; Fig.
5). This was because of differences in days on feed as NS-Early were fed 260 days compared to 295 d and
276 d for NS-Late and AI-Early, respectively (P < 0.001; Fig. 6). A similar pattern was found in age at harvest
day (P < 0.02). As with harvest weight, hot carcass weight was lighter in NS-Early (833.8 lb) carcasses
compared to AI-Early (862.4 pounds; P < 0.02) and NS-Late carcasses (844.6 lb) tended (P = 0.07) to be
lighter than AI-Early (Table 1). Marbling, ribeye area, back fat (BF), yield and quality grades were not different
between treatments (P > 0.10).
Introduction
According to USDA, only 11% of beef producers use artificial insemination and/or estrous synchronization
technologies in their herds (USDA, 2017). However, purchase price of an average herd bull between years
2008 ($3,031) and 2014 ($4,997) increased 65%, compared to only a 23% increase in the average price of a
straw of semen over the same period of time ($17.62 and $21.72, respectively; American Angus Association,
2014). Semen cost per service for herd bulls was calculated at average bull prices/30 cows per year/4 years
(American Angus Association, 2014). Estrous synchronization is a reproductive technology to increase the
percentage of calves born early in the calving season resulting in a more uniform calf crop and heavier
weaning weights.
Calves that are born later in the calving season weigh less at a fixed weaning date compared to their older
herd mates. An analysis of weaning records from USDA – Meat Animal Research Center shows that one day
of age difference at weaning translates to 2.42 lb less weaning weight (R. Cushman, personal communication).
This translates to a loss of approximately $4.37 per day, or $30 per week per calf as the calving season
progresses (assuming a market price of $180/cwt). Given such economic ramifications, there is a clear
advantage to having calves born as early as feasible in the calving season and/or maintaining a shorter calving
season.
The ability to produce calves of a specific gender has the potential to tremendously impact the profitability of
cow-calf operations. Even though the relative value of steer and heifer calves depends on factors such as
expected value of fed cattle, the price of corn and other inputs and market expectations related to the cattle
cycle, the common pattern is for steers to sell for a premium compared to heifers of the same weight.
Therefore, the ability to skew the gender ratio of an entire calf crop could have dramatic impacts on the
profitability of cow-calf operations, not only in the gender produced but also by increasing the lot size of the
desired gender to be marketed.
Experimental Procedures
Reproductive technologies
Reproductive technologies (estrous synchronization and/or AI) were applied to beef females (n = 1,620) over a
two-year period. Treatment 1: within 6 herds, beef females (n = 339) were either estrous synchronized (7-d
CIDR: Syn) or not synchronized (NonSyn) and mated to bulls. Treatment 2: within 10 herds, beef females (n =
736) were estrous synchronized (7-d CIDR) and mated to bulls (SynNS) or artificially inseminated (SynAI) after
CIDR removal (cows 60-66 h; heifers 52-56 h). Treatment 3: within 5 herds, beef females (n = 545) were
estrous synchronized (7-d CO-Synch plus CIDR) and fixed timed artificially inseminated with either CONV or
SEXED semen. Animals remained separated from bulls for at least 7 days after AI. Calving distributions
(calves born from d 1 to 14, 1 to 21, 22 to 42, and 43 and greater) were determined by birthdates and calf
gender was determined at birth. Calving distribution and gender were determined at birth and were analyzed
using the GLIMMIX procedure in SAS.
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Post weaning management
Each year a subset of calves from each herd and treatment were fed an accelerated finishing program in a
commercial feedyard or SDSU Southeast Research Farm (Beresford, SD) to determine feedlot performance.
Due to small numbers of calves in some of the treatments, calves were classified as: 1) natural service early
born (NS-Early, n = 189); 2) natural service born late (NS-Late, n = 203) or 3) AI-sired early born (AI-Early, n =
116). These calves were fed as part of the SDSU Calf Value Discovery program. Animals were selected for
harvest based on estimated backfat of 0.50 inches or if the animals were at risk of being discounted for heavy
carcass weight (> 1,050 pounds hot carcass weight). Video image data were obtained from the plant for ribeye
area, backfat, calculated USDA Yield Grade (YG), and USDA marbling scores. Data were analyzed using the
MIXED procedure in SAS with calving group, year and calf gender in the model.
Results and Discussion
Reproductive technologies
Synchronization resulted in more calves born from d 1 to 14 (P < 0.01; 62% vs 47%) of the calving season.
There were no differences (P = 0.31) between Syn and NonSyn in the percent of calves born after d 21, but
between d 22 and 42, more (P = 0.04) calves were born in the NonSyn group. A greater proportion (P < 0.02;
46% vs 38%) of calves were born in SynNS between d 1 and 14 compared to SynAI. One potential reason for
the decrease in SynAI performance could be due to cows having been separated from bulls for 10 days post
artificial insemination to allow detection of AI calves. There was no difference between treatments (P > 0.12)
from d 1 to 42, but more calves were born for SynAI after d 43. With SEXED semen, there were no differences
(P > 0.14) between CONV and SEXED for the proportion of calves born from d 1 to 14 or d 1 to 21; however,
more of the desired gender were born in the SEXED group during d 1 to 14 of the calving season (P < 0.01;
84% vs 68%). Hall and Glaze (2013) reported a shift in gender ratio from 50:50 to 78:22 female (semen sorted
for X chromosome), and 65:35 male to female ratio (semen sorted for Y chromosome), after only one use of
sexed semen following estrous synchronization. Additionally, CONV semen had greater conception rates
compared to SEXED semen (67% vs 53; P < 0.01). Several studies have reported reductions in AI pregnancy
rates when using sexed semen (Deutscher et al., 2002, 3% to 13% reduction; Rhinehart et al., 2011, 4% to
38% reduction; Meyer et al., 2012, 17% reduction). More total calves were born from d 22 to 42 in the SEXED
group compared to the CONV group (P < 0.05; 49% vs 33%).
Post weaning management
Weaning weights were similar between AI-Early and NS-Early; however, earlier born calves (AI-Early and NSEarly) were heavier (P < 0.0001) than NS-Late. AI-Early calves had heavier finished bodyweight (1,403 lb: P =
0.0024) compared to NS-Early (1,355 lb) and heavier HCW compared to both NS-Early and NS-Late (P <
0.01). NS-Early calves reached 0.50-inch BF inches fewer days than AI-Early (260 d and 276 d, respectively; P
< 0.01) with NS-late requiring the most days on feed to reach the same endpoint (295 d, P < 0.01). No
differences in Quality Grade, Yield Grade, REA, marbling, or BF were detected between AI-Early, NS-Early,
and NS-Late, or between early- and late-born calves (P > 0.38). Funston et al. (2012) reported lighter hot
carcass weight, less backfat, and lower marbling scores as steers were younger at harvest; however, no
change in ribeye area. Hence younger calves had lower yield grade. It should be noted that all steers calves
were marketed on the same day. Late-born calves required 29 more days on feed (P < 0.001) to reach 0.50inch BF resulting in greater final bodyweight compared to early-born calves (1,379 lb and 1,351 lb,
respectively; P = 0.04); however, hot carcass weights were similar between early- and late-born calves. When
controlling for the value of calves at the time of placement in the feedlot, there was not a difference in
performance across treatments.
Implications
Estrous synchronization increased number of calves born early in the calving season which increased weaning
weight and post weaning growth performance. However, when high quality natural service sires were used, AI
sires did not improve carcass quality characteristics. Gender-skewed semen increased the proportion of the
South Dakota State University Beef Day 2022
© 2022 South Dakota Board of Regents
102

desired gender born early in the calving season. Post-weaning performance was not different when high
quality bulls were used compared to AI sires. Late-born calves required 29 more days on feed to reach 0.50inch backfat resulting in greater final bodyweight compared to early-born calves. Carcass characteristics were
similar for early- and late-born calves except for hot carcass weights.
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Tables
Table 1. Influence of treatment on hot carcass weight (HCW), yield grade, ribeye area, marbling and backfat
thickness.
Item
HCW, lb

NS-Early
833.8a *†

NS-Late
844.6ab *

AI-Early
862.4b †

P-value
0.02

Yield Grade

3.68

3.64

3.76

0.39

Ribeye area, sq. in.

12.81

12.92

13.03

0.44

Marbling

535.00

535.95

547.82

0.63

0.66

0.64

0.67

0.38

Back fat, in
abc
*†

Different superscripts within a row indicate a difference between treatment (P < 0.05)
Different superscripts within a row indicate a tendency between treatment (P > 0.05)

Figures

Figure 1. Influence of estrous synchronization (Syn) or no estrous synchronization (NonSyn) with natural
service on calving distribution.
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Figure 2. Influence of estrous synchronization with natural service (SynNS) and artificial insemination (SynAI)
on calving distribution.
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Figure 3. Influence of artificial insemination with conventional semen (CONV) or gender-skewed (SEXED)
semen on calving distribution.

Figure 4. Influence of artificial insemination with conventional semen (CONV) and gender-skewed (SEXED)
semen on gender distribution (P < 0.01).
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Figure 5. Influence of birth timing and insemination method on weaning (P < 0.0001) and final harvest (P <
0.01) weights. abDifferent superscripts within a variable indicate a difference between treatment (P < 0.05).

Figure 6. Influence of treatment on days on feed (DOF; P < 0.001) and age at harvest (P < 0.02).
superscripts within a variable indicate a difference between treatments (P < 0.05).
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Beef Day 2022
Improving heifer development programs using
precision technology and DDGS
Anna Dagel, Hector Menendez III, Jameson Brennan
Objective
Determine how precision supplemental feeding on a range setting impacts heifer growth development.
Study Description
Heifers were stratified into two groups based on initial body weight and each group was randomly assigned to
one of two treatments: a control group (n=30) and a precision group (n=30). Treatment groups are separated
into different pastures to graze dormant native range from November to April. Groups are rotated monthly to
reduce individual pasture influence. Heifers in the control group are supplemented as a group and bunk fed
5lb/head/day with dried distiller grain pellets (DDGS). Heifers within the precision group will be supplemented
individually using the SmartFeed system (C-Lock Inc. Rapid City, SD) and offered 5lb/head/day DDGS pellets.
Individual daily weight and daily rate of gain will be measured within both groups using SmartScale technology.
A time series trend analysis will be used to forecast animal BW at time of breeding, ensure individual heifer
gain is satisfactory and adjust amount of supplement delivered to ensure animals are achieving target weight
gains.
Take Home Points
We expect animals under the precision supplementation protocol will be more uniform at time of breeding,
have higher conception rates, and reduce supplemental waste compared to the control group.
Acknowledgements
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Beef Day 2022
Factors influencing price of South Dakota feeder
calves fall 2021 and winter 2022
Adele Harty, Olivia Amundson, Robin Salverson, Kiernan Brandt, Heather Gessner, Julie Walker, Hossein
Moradi Rekabdarkolaee
Objective
Determine the value of various management practices on price received for calves marketed through five
auction barns across South Dakota during the fall 2021 and winter 2022 calf runs. Utilize data to calculate a
uniformity score and determine the value of a uniform calf crop.
Study Description
Data was collected at Faith, Philip, Hub City (Aberdeen), Mitchell, and Ft. Pierre Livestock Auctions during the
weeks of October 4, 11, 18, and November 1, 2021. Data was collected and analyzed on the approximately
116,000 head of calves that were marketed during that time frame. Data collected included: auction barn, date,
seller id, sex, number of head per lot, average weight, hide color, uniformity information, vaccination data,
creep feed, implants, branded programs, weaned, horns, mud score, price per hundredweight, price per head,
and additional comments. Uniformity score and weighted average price per hundredweight was calculated for
each seller. Sellers were grouped into “herd sizes” to compare uniformity and determine value. Additional data
will be collected in February and March 2022 to assess the value of backgrounded calves.
Data from the fall calf run are currently being analyzed. Preliminary analysis indicates no differences in price
per hundredweight for black versus black-white face calves (P > 0.05), so data was combined and classified as
black. The same was true for red versus red-white face (P > 0.05), so were classified as red. Significant
differences (P < 0.05) were identified for auction barn, hide color, vaccination program, lot size, drug free and
horns. There were no differences for implanted cattle versus non-implanted cattle (P = 0.99) or creep fed
calves versus non-creep fed calves (P = 0.97).
Take Home Points
Various management practices can increase the end value of calves marketed through auction barns in South
Dakota. Producers may want to evaluate management practices and impact on price received for calves. Not
all practices pay as expected and producers could be leaving money on the table by not taking advantage of
these opportunities.
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Beef Day 2022
Comparing the impact of continuous and virtually
fenced rotational grazing on animal behavior and
distribution
Logan Vandermark, Jameson Brennan, Krista Ehlert, and Hector Menendez III
Objective
Determine how virtual fence technology in a rotational grazing system impacts animal behavior and pasture
distribution in a rangeland setting compared to a traditional continuous grazing system.
Study Description
Six herds of yearling steers (n=127) will graze native summer pastures from May to August at the Cottonwood
Field Station near Philip, South Dakota. Six pastures are divided into two groups: a continuous grazing (CG)
treatment with a low, moderate, and high stocking density and a virtually fenced rotational (VFR) grazing
system with the same stocking densities. VenceTM virtual fence collars were placed on all animals within the
study and collected GPS data at 5-minute intervals. The CG collars are not actively managed. The VFR
system is actively managed through the collars and rotated based on the amount of available forage and
grazing utilization. Results from this study will analyze daily distance traveled, amount of time spent grazing,
grazing distribution and impact on animal behavior between the two systems.
Take Home Points
Virtual fence technology may allow beef producers and managers to have more flexibility with how they graze
and allocate pastures, and could be deployed for crop-livestock integration, managing cattle on leased land,
and protecting environmentally sensitive areas such as riparian areas.
Acknowledgements
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at the Cottonwood Field Station.
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Beef Day 2022
Using precision technology to measure cattle
methane emissions and intake on western South
Dakota rangelands
Lillian J McFadden, Ken Olson, Krista Ehlert, Jameson Brennan, Amanda Blair, and Hector Menendez III
Objective
Determine the relationship between methane (CH4), carbon dioxide (CO2), oxygen (O2), and hydrogen (H2)
emissions and dry matter intake (DMI) of dry beef cows to develop a mathematical model that predicts DMI
from enteric emissions.
Study Description
Cattle DMI is an essential component of calculating cattle stocking rates, determining nutrient requirements,
and evaluating feed efficiency. Cattle DMI and digestion of forages impact enteric greenhouse gas (GHG)
emissions; a major public and environmental concern. Increased GHG levels indicate energy loss during the
rumen fermentation process. Obtaining data for rangeland cattle DMI and GHG emissions is needed to
understand and enhance individual animal performance and reduce negative environmental impacts. We will
develop enteric emissions and DMI relationships by conducting three feeding trials using the GreenFeed and
SmartFeed Pro (C-Lock Inc. Rapid City, SD). The GreenFeed will measure real-time gas fluxes and the
SmartFeed Pro will measure daily intake by calculating disappearance from the feeder. The three feeding trials
will consist of dry beef cows (n = 12) receiving low, high, and intermediate quality forages treatments with a 15
day adjustment period and a 15 day period of collection. Using these data, regression, artificial neural network,
and dynamic-mechanistic models will develop and assessed to identify a model that accurately and precisely
predicts forage DMI for dry beef cows on pasture.
Take Home Points
This study will help improve research capabilities on extensive rangeland systems, enhance knowledge of
GHG and energy loss for grazing beef cattle, and increase our ability to manage range beef on an individual
level to lower cost, optimize resources, and enhance environmental sustainability.
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Beef Day 2022
Effects of environmental gradients on the
abundance and diversity of helminths across 7
bison herds in the upper Midwest
Bradly Wehus-Tow, Jeff M. Martin, Jameson Brennan
Objective
Determine the effects of mean annual precipitation (MAP) and mean annual temperature (MAT) gradients on
intestinal parasites (helminths) in bison translocated over the past 15 years from western South Dakota.
Study Description
Data were collected from Wind Cave National Park and 6 satellite bison herds across the upper Midwest
ranging across South Dakota, Indiana, and Kansas with a MAP gradient ranging from 34 to 82 mm and a MAT
gradient ranging from 9 to 13°C. Fecal samples were collected non-invasively from 50 freshly voided bison
dung patties at each herd. Helminth eggs were recovered and identified using sugar floatation;
Trichostrongyle-type eggs were hatched by coproculture to identify to species. Preliminary findings indicate
that general abundance of trichostrongyle-type helminths increases by 2.3 EPG per 1°C and by 0.2 EPG per
mm, but Cooperia sp. decreases over MAT and MAP whereas Haemonchus sp. increases over MAT and
MAP.
Take Home Points
Knowledge generated will assist bison managers in reducing stress associated with movement and adjust
expectations of production loss by selecting for animals that may be better adapted to their regions. It may also
help managers to identify what species of intestinal parasites might be most prevalent in their regions based on
environmental differences.
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Beef Day 2022
Influence of beef carcass chilling rate on steak
case life and quality traits
Trevor DeHaan1*, Lydia Hite1, Erin Gubbels1, Christina Bakker1, Amanda Blair1, Judson Grubbs1, Keith
Underwood1
1

Deparment of Animal Science, South Dakota State University, Brookings, SD 57006

Objective
The objective of this research was to determine the influence of beef carcass weight on carcass chilling, pH
decline, color, case life and tenderness of steaks from the round, loin, rib, and chuck.
Study Description
Twelve head of fed beef cattle were harvested at the SDSU Meat Laboratory over two days. Carcasses were
allotted into two weight groups based on hot carcass weight (HCW): Heavyweight (HW) and Lightweight (LW).
Data logging thermometers were placed in the left side of each carcass within the round, loin, rib, and chuck
primals to track temperature decline. Carcass measurements including 12 th rib fat thickness, ribeye area and
marbling score were collected approximately 48 hours postmortem. Steaks from each primal were collected to
measure Warner-Bratzler shear force (WBSF), objective and subjective color.
Take Home Points
Results from this study suggest that beef carcass weight does impact carcass chilling rate during the first 48
hours postmortem. Prolonged temperature decline in the round, combined with increased toughness of eye of
round steaks from heavyweight carcasses at early aging periods could suggest negative meat quality effects
due to this increase in weight. Since the round holds most of a carcass’ muscle weight, this could lead to a
substantial amount of product being affected.
Introduction
Over the past 30 years, the average beef carcass weight has increased from 747 pounds in 1995 to 867
pounds in 2016 according to the 2016 National Beef Quality Audit. Additionally, the 2016 National Beef Quality
Audit concluded that 12.4% of all carcasses recorded had hot carcass weights greater than 1000 pounds
(Boykin et al., 2017). However, these increases in hot carcass weight have come with minimal changes to
cooling systems and protocols involved with chilling beef carcasses. Many packers are still utilizing chilling
systems that were designed decades ago. These systems were designed for use on carcasses that were a
much lighter weight, on average, than the beef carcasses that have been harvested in industry recently
(Savell, 2012). Therefore, it stands to reason that if chilling methods have not changed to adapt to increasing
carcass weights, it is possible that heavy weight carcasses are at risk of ineffective chilling. Previous research
from Kim et al. (2012) investigated heat toughening of strip loins and concluded that increased antemortem
temperatures decreased postmortem proteolysis and increased shear force values of loin steaks resulting in
tougher steaks. However, little published research exists to determine the direct influence of carcass weight on
postmortem chilling. A NCBA funded study conducted by the SDSU Meat Science group, showed that
heavyweight carcasses do not chill as quickly as lightweight carcasses in a large commercial plant and
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resulted in increased tenderness in strip loin steaks from Heavyweight carcasses when compared to strip loin
steaks from Lightweight carcasses. The same study also concluded that Denver cut and eye of round steaks
from Heavyweight carcasses had increased L* (lighter) and b* (more yellow) values when compared to Denver
cut and eye of round steaks from Lightweight carcasses. Additionally, Denver cut, strip loin and eye of round
steaks from Heavyweight carcasses had increased a* (more red) values than steaks from Lightweight
carcasses (Egolf, 2021). Another study from the University of Idaho found that top round steaks from
Overweight carcasses had increased L* and b* values compared to top round steaks from Average weight
carcasses (Lancaster et al. 2020).
Throughout the chilling process, there are many biological changes occurring in the carcass simultaneously:
the start of muscle pH decline, postmortem proteolysis, and ultimately the conversion of muscle to meat. As
the carcass is chilling, any number of mechanisms may be affected, and any number of subtle changes in
carcass temperature or pH could impact meat quality traits such as meat color, shelf life, and tenderness.
Therefore, we hypothesized that heavyweight carcasses would experience slower temperature and pH decline
leading to ultimate differences in meat color, decreased case life, and result in tougher steaks when compared
to lightweight carcasses.
Experimental Procedures
Carcass Chilling
Twelve finished beef cattle from a single feedlot were harvested at the South Dakota State University Meat
Laboratory over two slaughter dates. These cattle were selected to fit within one of two weight ranges based
on live weight: 1100 – 1350 lbs or 1450 – 1600 lbs. After slaughter, carcasses were allotted to one of two
weight groups based on hot carcass weight: Heavyweight (HCW = 992 ± 17lbs) or Lightweight (HCW = 769 ±
17 lbs). Upon cooler entry, data logging thermometers (ThermaData stainless steel USB temp data logger;
ThermoWorks, American Fork, UT) were placed in the left side of each carcass in the round, loin, rib, and
chuck. An 8-inch data logger was placed in the round approximately 6 inches below the Achilles tendon. In the
loin, a 4-inch temperature logger was placed opposite the third lumbar vertebrae. In the rib, a 4-inch logger
was placed opposite the eighth rib. Also, an 8-inch data logger was placed in the pocket between the chuck
and the brisket so that the tip of the temperature logger would rest near the scapula. All 8-inch and 4-inch
temperature data will be referred to as deep muscle temperature. To track sub-surface temperature of each
carcass, a second temperature logger (Multitrip multiuse temperature recorder; Temprecord International Ltd,
Auckland, New Zealand) was placed in each of the primals beneath the surface of the subcutaneous fat;
except in the round, where the logger was placed beneath the surface of the Semitendinosus muscle (eye or
round), due to lack of fat in the location. Once in the cooler, carcasses were exposed to an average air
temperature of 38.0 ± 1.2°F and sprayed intermittently with water chilled to an average of 41°F.
Thermal Imaging
Thermal images were captured using a forward-looking infrared camera (FLIR C3, FLIR Systems, Wilsonville,
OR) at eight locations on the carcass. Emissivity setting of the camera was 0.95. Images of the round, loin, rib,
and chuck were recorded on both the fat and split side of the carcass at five timepoints after cooler entry
throughout the chilling period: Cooler entry (0hr), 3, 6, 12, and 24hr post cooler entry. These images were
analyzed using FLIR Tools (FLIR Systems, Wilsonville, OR) to determine average surface temperature of the
carcass in the round, loin, rib and chuck.
pH Decline
Postmortem pH was measured at eight time points (cooler entry (CE), 2, 4, 6, 8, 12, 24, and 48hr postmortem)
throughout the chilling period. The Semitendinosus (eye of round), Longissimus lumborum (strip loin steak),
Longissimus thoracis (ribeye), and the Serratus ventralis (Denver cut) were sampled for pH analysis at each
time point. Immediately following sample removal, each sample was diced into small pieces and five grams of
muscle tissue was homogenized in a 50 mL solution containing 5 mMol of sodium iodoacetate and 150 mMol
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of potassium chloride (Bendall, 1973). A Thermo Scientific, Orion 370 benchtop pH meter was used to
measure pH.
Carcass Evaluation and Sample Collection
Approximately 48hr postmortem, carcass measurements were recorded including ribeye area (REA), 12 th rib
fat thickness (FT) and marbling score from each individual carcass. Yield grade was calculated using carcass
measurements. The eye of round (IMPS #171C), strip loin (IMPS #180), ribeye roll (IMPS #112A), Denver cut
(IMPS #116G), and kidney, pelvic and heart (KPH) fat were collected from the left side of the carcass during
fabrication, and their individual weights were recorded. Each muscle was portioned into 1-inch steaks for
various analyses. Four steaks from each muscle were aged for either 5, 10, 14, or 21 days postmortem for
evaluation of Warner-Bratzler shear force (WBSF). An additional steak was designated for use in a 10-day
trained color panel immediately following fabrication.
Warner-Bratzler Shear Force
Steaks designated for WBSF were thawed for 24 hours at 37°F before being cooked on an electric clamshell
grill to an internal peak temperature of 160°F. A thermometer (Model 35140, Cooper-Atkins Corporation,
Middlefield, CT) was used to record peak internal temperature. After cooking, steaks were cooled for 12hr
before six cores (0.5 in. diameter) were removed parallel to the muscle fiber orientation (AMSA, 2015). A single
shear force measurement was measured from each core using a texture analyzer (Shimadzu Scientific
Instruments Inc., Lenexa, KS, Model EZ-SX) with a Warner-Bratzler attachment. All the cores were averaged
to determine the shear force value for each steak.
Objective and Subjective Color Panel
Steaks designated for the trained color panel were tray-overwrapped with a high oxygen permeable wrap and
placed under a simulated retail display (36.6° ± 1.5°F) for 10 days. Steaks were rotated throughout the display
area to ensure even distribution of light exposure among samples. Objective color measurements (L*, a* and
b*) were measured using a colorimeter (Chroma Meter CR 410; Konica Minolta, Inc., Tokyo, Japan) on each
day of the color panel. Additionally, a set of seven to 12 trained panelists evaluated steaks each day according
to standards set forth by AMSA (2012). Steaks from the four previously mentioned muscles were evaluated
each for color score (1 = Extremely bright cherry-red, 8 = Extremely dark red), and surface discoloration (1 =
No discoloration or 0%, 6 = Extreme discoloration or 81 to 100%).
Statistical Analysis
Statistical analysis was conducted using the MIXED procedure of SAS (SAS Inst. Inc., Cary, NC) for the effects
of weight group, time, and their interaction. Carcass data and muscle weights were analyzed as a completely
randomized design. Temperature and pH decline, objective and subjective color, and WBSF were analyzed as
repeated measures. Covariant structure was determined by the lowest AIC value. Peak temperature was used
as a covariate for WBSF values. Slaughter date was used as a random variable. Significance was considered
α < 0.05. Trends were reported at 0.5 ≥ α ≤ 0.10.
Statistical analysis for thermal images was conducted using CORR procedure of SAS (SAS Inst. Inc., Cary,
NC) for their Pearson correlation to deep muscle and sub-surface temperature. Positive correlations were
determined by r > 0. Significance was determined α < 0.05.
Results and Discussion
Carcass Characteristics
As expected, Heavyweight carcasses had increased (P < 0.001) HCW compared to Lightweight carcasses
(Table 1). Heavyweight carcasses tended to have larger (P = 0.069) REA compared to Lightweight carcasses
(Table 1). No effect of weight group was observed for FT (P = 0.197), dressing percent (P = 0.268), marbling
score (P = 0.465), or yield grade (P = 0.162; Table 1). Heavyweight carcasses had increased weights of the
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eye of round (P = 0.0027), strip loin (P = 0.0031), ribeye roll (P = 0.0001), Denver cut (P = 0.0026) and KPH fat
(P = 0.0008) compared to Lightweight carcasses (Table 2).
Carcass Chilling
No effect of HCW or HCW × chilling time interaction (P = 0.9977) was observed for deep muscle temperature
decline in the chuck. A HCW × chilling time interaction (P < 0.0001) was detected for deep muscle temperature
decline in the rib. Rib primals from Heavyweight carcasses had increased (P < 0.05) temperatures for the first
25hr of chilling compared to Lightweight carcasses but were similar (P > 0.05) for the remainder of the chilling
period (Figure 1). No effect of HCW or HCW × chilling time interaction (P = 0.1373) was observed for deep
muscle temperature decline in the loin. A HCW × chilling time interaction (P = 0.0092) was detected for deep
muscle temperature decline in the round. Temperature in the round was not different (P > 0.05) between
weight groups for the first 3hr of chilling, but Heavyweight carcasses had increased (P < 0.05) temperatures for
the remainder of chilling (Figure 2). No effect of HCW or HCW × chilling time interaction (P > 0.05) was
observed for sub-surface temperature decline in the round, loin, rib or chuck.
Thermal Imaging
Thermal imaging data is presented in Tables 3-6. For the round, fat side temperature was positively correlated
(r = 0.5875, P = 0.0446) with deep muscle temperature at 24hr. Split side temperature was positively
correlated (r = 0.7492, P = 0.0050) with deep muscle temperature at 24hr. Fat side temperature was positively
correlated with sub-surface temperature at 6hr (r = 0.6344, P = 0.0488), 12hr (r = 0.6833, P = 0.0294), and
24hr (r = 0.6837, P = 0.0293).
For the loin, fat side temperature was positively correlated with deep muscle temperature at 6hr (r = 0.6877, P
= 0.0133), 12hr (r = 0.7658, P = 0.0037), and 24hr (r = 0.9003, P = <0.0001). Split side temperature was
positively correlated with deep muscle temperature at 12hr (r = 0.9053, P = <0.0001) and 24hr (r = 0.8311, P =
0.0008). Fat side temperature was positively correlated with sub-surface temperature at 12hr (r = 0.7316, P =
0.0105) and 24hr (r = 0.9382, P = <0.0001). Split side temperature was positively correlated with sub-surface
temperature at 12hr (r = 0.7820, P = 0.0045) and 24hr (r = 0.8111, P = 0.0024).
For the rib, fat side temperature was positively correlated with deep muscle temperature at 12hr (r = 0.8180, P
= 0.0011) and 24hr (r = 0.8228, P = 0.0010). Split side temperature was positively correlated with deep muscle
temperature at 12hr (r = 0.7082, P = 0.0100) and 24hr (r = 0.6915, P = 0.0127). Fat side temperature was
positively correlated with sub-surface temperature at 3hr (r = 0.6459, P = 0.0233), 6hr (r = 0.7956, P = 0.0020),
12hr (r = 0.8347, P = 0.0007), and 24hr (r = 0.9020, P = <0.0001). Split side temperature was positively
correlated with sub-surface temperature at 12hr (r = 0.8417, P = 0.0006) and 24hr (r = 0.7465, P = 0.0053).
For the chuck, split side temperature was negatively correlated with deep muscle temperature at 6hr (r = 0.7847, P = 0.0025) and 12hr (r = -0.6331, P = 0.0271). Fat side temperature was positively correlated with
sub-surface temperature at 12hr (r = 0.6392, P = 0.0342) and 24hr (r = 0.7354, P = 0.0099). Split side was
positively correlated (r = 0.6533, P = 0.0293) with sub-surface temperature at 24hr.
pH Decline
No HCW main effect or HCW × chilling time interaction (P > 0.05) was detected for pH decline in the eye of
round, strip loin, ribeye, or Denver cut. As expected, pH declined in each of the four muscles throughout the
chilling process to normal values of 5.5-5.7.
Warner-Bratzler shear force and Cook loss
No effect of HCW or HCW × aging day interaction (P > 0.05) was observed for WBSF values in the strip loin,
ribeye, or Denver cut steaks. As expected, WBSF values improved for the strip loin (P < 0.0001), ribeye (P =
0.0005), and Denver cut (P = 0.0008), steaks over the aging period (Table 7). A HCW × aging day interaction
(P = 0.0149) was detected for WBSF values in eye of round steaks. Eye of round steaks from Lightweight
carcasses were more tender (P < 0.05) than Heavyweight steaks at day 5 of aging, but were not different at
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10, 14 or 21 days of aging (P > 0.05; Figure 3). No HCW effect or HCW × aging day interaction was observed
for percent cook loss in steaks from the eye of round (P = 0.630), strip loin (P = 0.880), ribeye (P = 0.414), or
Denver cut (P = 0.467).
Objective and Subjective Color
No effect of HCW or HCW × day of retail display interaction (P > 0.05) was observed for L*, a* or b* in the strip
loin, ribeye, or Denver cut steaks (Table 8). A HCW × day of retail display interaction (P = 0.0001) was
detected for L* values in the eye of round. Eye of round steaks from Heavyweight carcasses were darker
(lower L* value; P < 0.05) throughout the display period. On day 1 of retail display, Heavyweight eye of round
steak L* values decreased (P < 0.05), whereas the Lightweight eye of round steaks increased (P < 0.05,
Figure 4). Eye of round steaks from Heavyweight carcasses had decreased a* (P = 0.005) and b* (P = 0.001)
values than eye of round steaks from Lightweight carcasses (Table 8). Hot carcass weight did not influence (P
> 0.05) subjective color scores in the eye of round, strip loin, or ribeye steaks (Table 9). Denver cut steaks
from Heavyweight carcasses had increased (darker; P = 0.007) subjective color scores compared to steaks
from Lightweight carcasses (Table 9). No HCW or HCW × day of retail display interaction (P > 0.05) was
observed for subjective discoloration scores in the eye of round, strip loin, ribeye, or Denver cut steaks
throughout the display period (Table 10).
Implications
Results from this study suggest that beef carcass weight does impact carcass chilling rate during the first 48
hours postmortem. Heavier carcasses have prolonged temperature decline in the round, resulting in increased
temperature at the time of fabrication, when compared to lighter weight beef carcasses. This, combined with
increased toughness of eye of round steaks from heavyweight carcasses at early aging periods, could suggest
a negative effect on meat quality due to increased carcass weights. Since the round holds a large percentage
of the carcass’ muscle weight, this could lead to a substantial amount of product being affected.
Additionally, thermal imaging shows promise as a new and innovative tool for determining chilling rate of beef
carcasses. Data from this research project indicates that most fat side and split side thermal imaging surface
temperatures were positively correlated to deep internal and sub-surface temperatures after 12hr of chilling.
However, further research will be needed to determine the overall effectiveness of using thermal imaging to
predict internal temperature of carcasses.
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Tables
Table 1. Least squares means of carcass characteristics for Heavyweight and Lightweight cattle
Weight Group1
Trait
Lightweight
Heavyweight
SEM2
P-value3
Hot carcass weight, lbs
769
992
16.8
<0.001
2
Ribeye area, in
13.9
15.8
0.68
0.069
th
12 rib fat thickness, in
0.41
0.54
0.07
0.197
Dressing percent, %
63.2
64.7
0.88
0.268
UYield grade
2.5
3.1
0.32
0.162
Marbling score4
445
480
32.5
0.465
1
Carcasses separated based on hot carcass weight measured after slaughter before entering the
chilling cooler.
2
Standard error of the mean
3
Probability of difference among least square means
4
Marbling score: 200=Traces0, 300=Slight0, 400=Small0, 500=Modest0

Table 2. Least squares means of individual muscle and fat weights for Heavyweight and Lightweight cattle
Weight Group1
Muscle
Lightweight
Heavyweight
SEM2
P-value3
Eye of round, lbs
4.56
6.13
0.29
0.0027
10.65
14.46
0.0031
Strip loin, lbs
0.71
11.22
16.67
0.0001
Ribeye roll, lbs
0.64
Denver cut, lbs
3.81
5.29
0.26
0.0026
10.60
17.57
0.0008
Kidney, pelvic and heart fat, lbs
1.06
1
Carcasses separated based on hot carcass weight measured after slaughter before entering the chilling
cooler.
2
Standard error of the mean
3
Probability of difference among least square means
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Table 3. Pearson correlation coefficients between deep muscle (4 or 8 inches) temperature and
average thermal image temperature of fat side of carcass at each timepoint.
Time After Cooler Entry1
Statistical
Primal
0h
Value2
3h
6h
12 h
24 h
r value
-0.0007
0.0807
0.0492
0.4399
0.5875
Round
P-value
0.8030
0.8792
0.1524
0.0446
0.9982
r value
-0.0164
0.3953
0.6887
0.7658
0.9003
Loin
P-value
0.9598
0.2035
0.0133
0.0037
<0.0001
r value
-0.3947
0.3594
0.5117
0.8180
0.8228
Rib
P-value
0.2042
0.2512
0.0890
0.0011
0.0010
r value
0.0620
-0.1704
-0.4165
-0.4825
-0.0038
Chuck
P-value
0.8481
0.5965
0.1781
0.1121
0.9906
1
Time temperature was measured after carcass entered chilling cooler.
2
r-value: Correlations were considered lowly correlated at r ≤ 0.35, moderately at 0.36 ≤ r ≤ 0.67, and
highly if r ≥ 0.68. P-value: Probability of difference among correlations.

Table 4. Pearson correlation coefficients between deep muscle (4 or 8 inches) temperature and average
thermal image temperature of split side of carcass at each timepoint
Time After Cooler Entry1
Statistical
Primal
0h
Value2
3h
6h
12 h
24 h
r value
-0.0876
-0.3311
-0.2754
0.4463
0.7492
Round
P-value
0.2931
0.3864
0.1458
0.0050
0.7866
r value
-0.0906
0.2074
0.5371
0.9053
0.8311
Loin
P-value
0.7796
0.5178
0.0717
<0.0001
0.0008
r value
-0.4735
0.1450
0.3548
0.7082
0.6915
Rib
P-value
0.1199
0.6529
0.2581
0.0100
0.0127
r value
-0.1442
-0.5357
-0.7847
-0.6331
0.0228
Chuck
P-value
0.6547
0.0727
0.0025
0.0271
0.9440
1
Time temperature was measured after carcass entered chilling cooler.
2
r-value: Correlations were considered lowly correlated at r ≤ 0.35, moderately at 0.36 ≤ r ≤ 0.67, and
highly if r ≥ 0.68. P-value: Probability of difference among correlations.
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Table 5. Pearson correlation coefficients between sub-surface (2 inches) temperature and average thermal
image temperature of fat side of carcass at each timepoint
Time After Cooler Entry1
Statistical
Primal
0h
Value2
3h
6h
12 h
24 h
r value
-0.0786
0.4264
0.6344
0.6833
0.6837
Round
P-value
0.8290
0.2191
0.0488
0.0294
0.0293
r value
-0.1259
0.4641
0.4527
0.7316
0.9382
Loin
P-value
0.7123
0.1504
0.1620
0.0105
<0.0001
r value
0.3054
0.6459
0.7956
0.8347
0.9020
Rib
P-value
0.3344
0.0233
0.0020
0.0007
<0.0001
r value
0.3579
0.2989
0.5749
0.6392
0.7354
Chuck
P-value
0.2799
0.3719
0.0643
0.0342
0.0099
1
Time temperature was measured after carcass entered chilling cooler.
2
r-value: Correlations were considered lowly correlated at r ≤ 0.35, moderately at 0.36 ≤ r ≤ 0.67, and highly
if r ≥ 0.68. P-value: Probability of difference among correlations.

Table 6. Pearson correlation coefficients between sub-surface (2 inches) temperature and average thermal
image temperature of split side of carcass at each timepoint
Time After Cooler Entry1
Statistical
Primal
0h
Value2
3h
6h
12 h
24 h
r value
-0.1443
-0.0981
0.3291
0.4703
0.6294
Round
P-value
0.7874
0.3532
0.1701
0.0512
0.6908
r value
-0.2368
0.1165
0.2535
0.7820
0.8111
Loin
P-value
0.4833
0.7330
0.4519
0.0045
0.0024
r value
0.1647
0.2113
0.5215
0.8417
0.7465
Rib
P-value
0.6090
0.5097
0.0821
0.0006
0.0053
r value
0.0067
0.0451
0.2221
0.5761
0.6533
Chuck
P-value
0.9844
0.8952
0.5115
0.0636
0.0293
1
Time temperature was measured after carcass entered chilling cooler.
2
r-value: Correlations were considered lowly correlated at r ≤ 0.35, moderately at 0.36 ≤ r ≤ 0.67, and highly
if r ≥ 0.68. P-value: Probability of difference among correlations.
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Table 7. Least squares means of Warner-Braztler shear force values for steaks from various muscles for
multiple aging days
Aging day
10
14
4.16b
4.42b
4.71b
3.98c
3.71b
3.91ab

Steak
5
21
3.28c
Strip loin steak, kg
5.76a
Ribeye, kg
5.51a
3.75c
3.22c
Denver cut, kg
4.21a
1
Standard error of the mean
2
Probability of difference among least square means
a,b,c
Superscripts depict differences between aging days within muscle, P < 0.05.

SEM1
0.31
0.27
0.15

P-value2
<0.0001
0.0005
0.0008

Table 8. Least squares means of objective color measurements (L*, a*, b*) values for steaks from various
muscles over a 10-day color panel for Heavyweight and Lightweight cattle
Weight Group1
Objective color
Steak
Lightweight
Heavyweight
SEM3
P-value4
value2
L*
46.13
Eye of round
49.33
0.48
<0.001
a*
17.39
16.13
0.40
0.005
b*
8.95
10.34
0.21
0.001
Strip loin steak
L*
46.30
45.98
0.76
0.773
a*
15.18
13.96
0.57
0.106
b*
6.63
6.17
0.25
0.216
Ribeye
L*
47.22
45.99
0.61
0.181
a*
15.46
14.03
0.78
0.241
b*
6.94
6.05
0.34
0.098
Denver cut
L*
45.74
46.46
0.98
0.600
a*
13.07
12.63
0.36
0.354
b*
6.06
6.29
0.43
0.701
1
Carcasses separated based on hot carcass weight measured after slaughter before entering the chilling
cooler.
2
L*: 0 = Black, 100 = White; a*: Negative values = green; Positive values = red; b*: Negative values = blue;
Positive values = yellow
3
Standard error of the mean
4
Probability of difference among least square means
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Table 9. Least squares means of subjective color measurements (color score, percent discoloration)
for steaks from various muscles over a 10-day trained color panel for Heavyweight and Lightweight
cattle
Weight Group1
Subjective color
Steak
Lightweight
Heavyweight
SEM3
P-value4
value2
Eye of round
4.25
0.19
Color score
4.46
0.067
Strip loin steak
5.37
0.20
Color score
5.62
0.319
Ribeye
Color score
5.08
5.45
0.20
0.102
Denver cut
Color score
5.98
6.35
0.09
0.007
Eye of round
Surface discoloration
3.25
3.29
0.17
0.348
Strip loin steak
Surface discoloration
2.87
2.87
0.24
0.954
Ribeye
Surface discoloration
2.75
2.77
0.22
0.633
Denver cut
Surface discoloration
3.28
3.37
0.20
0.193
1
Carcasses separated based on hot carcass weight measured after slaughter before entering the chilling
cooler.
2
Color Score: 1 = Extremely bright cherry red, 2 = Bright cherry red, 3 = Moderately bright cherry
red, 4 = Slightly bright cherry red, 5 = Slightly dark cherry red, 6 = Moderately dark red, 7 = Dark
red, 8 = Extremely dark red. Surface Discoloration: 1 = No discoloration; 0%, 2 = Slight
discoloration; 1-21%, 3 = Small discoloration; 21-40%, 4 = Modest discoloration; 41-60%, 5 =
Moderate discoloration; 61-80%, 6 = Extreme discoloration; 81-100%
3
Standard error of the mean
4
Probability of difference among least square means
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Beef Day 2022
Serving beef in USDA Child Nutrition Programs in
South Dakota: development of an FAQ
Anna Barr1, Mikayla Hardy2, Andrea Alma3, Heather Hopwood3, Joanna Studt4
1

South Dakota State University Extension, 2South Dakota Department of Education Division of Child and Adult
Nutrition Services, 3United States Department of Agriculture Food and Nutrition Service, 4Cheyenne River
Sioux Tribe Buffalo Authority Corporation

Objective
The objective of this project was to publish a resource to provide answers to frequently asked questions about
serving beef and bison in South Dakota (SD) Child Nutrition Program (CNP) meals and snacks. While
resources exist describing the rules and regulations for serving beef in CNPs at the federal level, states have
additional rules and regulations to consider. Therefore, this resource consolidates clear and accurate
information for beef producers, processors, and CNP operators in SD.
Study Description
The project occurred in partnership with four organizations representing state, tribal, and federal affiliations.
The authors collaborated to compile and answer questions. Questions that were not answered by the authors’
organizations were asked to the SD Animal Industry Board and USDA Food Safety and Inspection Service.
Take Home Points
The outcomes of the project included answers to nine questions classified into three sections, 1) slaughter and
processing inspection requirements, 2) labeling beef and bison for CNPs, and 3) crediting beef and bison
towards CNP meal pattern requirements.
CNPs, often operated at schools, provide a large market for SD beef. Beef producers and processors can use
the resource to begin to understand the rules and regulations surrounding school markets. The document can
be shared by beef producers and processors to local CNP operators to help them understand how to accept
and serve beef products.
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